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BOOKS—WAR VICTIMS 


Duvurinc THE WAR, the libraries of half the world were destroyed in the 
fires of battle and in the fires of hate and fanaticism. Where they were spared 
physical damage, they were impoverished by isolation. There is an urgent need 
—now—for the printed materials which are basic to the reconstruction of dev- 
astated areas and which can help to remove the intellectual blackout of Europe 
and the Orient. 


There is need for a pooling of resources, for coordinated action in order that 
the devastated libraries of the world may be restocked as far as possible with 
needed American publications. The American Book Center for War Devastated 
Libraries, Inc., has come into being to meet this need. It is a program that is 
born of the combined interests of library and educational organizations, of gov- 
ernment agencies, and of many other official and non-official bodies in the United 
States. 


nr 


The American Book Center is collecting and is shipping abroad scholarly 
books and periodicals which will be useful in research and necessary in the 
physical, economic, social and industrial rehabilitation and reconstruction of 


Europe and the Far East. 


The Center cannot purchase books and periodicals; it must depend upon gifts 
from individuals, institutions, and organizations. Each state will be organized 
to participate in the program through the leadership of a state chairman. Other 
chairmen will organize interest in the principal subject fields. Cooperation with 
these leaders or direct individual contributions are welcomed. 


WHAT IS NEEDED: Shipping facilities are precious and demand that 
all materials be carefully selected. Emphasis is placed upon publications issued 
during the past decade, upon scholarly books which are important contributions 
to their fields, upon periodicals (even incomplete volumes) of significance, upon 
fiction and non-fiction of distinction. All subjects—history, the social sciences, 
music, fine arts, literature, and especially the sciences and technologies—are 
wanted. 


WHAT IS NOT NEEDED: Textbooks, out-dated monographs, recrea- 
tional reading, books for children and young people, light fiction, materials of 
purely local interest, popular magazines such as Time, Life, National Geographic, 
etc., popular non-fiction of little enduring significance such as Gunther’s Inside 
Europe, Haliburton’s Royal Road to Romance, etc. Only carefully selected 
federal and local documents are needed, and donors are requested to write 
directly to the Center with regard to specific documents. 


HOW TO SHIP: All shipments should be sent PREPAID via the 
cheapest means of transportation to THE AMERICAN BOOK CENTER, 
C/O THE LIBRARY OF CONGRESS, WASHINGTON 25, D. C. Al- 
though the Center hopes that donors will assume the costs of transportation of 
their materials to Washington, when this is not possible reimbursement will be 
made upon notification by card or letter of the amount due. THE CENTER 
CANNOT ACCEPT MATERIAL WHICH IS SENT COLLECT. Reim- 
bursement cannot be made for packing or other charges beyond actual transpor- 
tation. When possible, periodicals should be tied together by volume. It will 
be helpful if missing issues are noted on incomplete volumes. 








Vol. 91, No. 2 October, 1946 


THE 


BIOLOGICAL BULLETIN 


PUBLISHED BY THE MARINE BIOLOGICAL LABORATORY 


THE SPACE-TIME PATTERN OF SEGMENT FORMATION 
IN ARTEMIA SALINA 


PAUL B. WEISZ 
Department of Zoology, McGill University, Montreal, Canada 


INTRODUCTION 


The present work was carried out in an attempt to arrive at a primary under- 
standing of the regularities and laws in the phenomenon of metameric segmentation, 
as related to the shape and size of animals. To date this phenomenon, although of 
widespread occurrence amongst the higher animal phyla and thus probably an in- 
tegral part in the more complex patterns of evolutionary organization, was never- 
theless surprisingly rarely, if at all, subjected to analytical inquiry. The reason 
for this can probably be found in an essential lack in the past of well-defined con- 
cepts about the interrelations between mass, shape, growth, and degree of develop- 
ment of living organisms. The problem of segment formation in relation to size 
and shape is primarily one involving a clear appreciation of the dynamic geometry 
of living matter, and initial insight into the problem can therefore only emerge from 
rigorous observation on a quantitative level, followed preferably by geometrical 
and mathematical analysis. Such a method has been employed in the present 
work, and the results gained are conclusive enough not only to point the way for 
further study of the problem at hand, but also to promise reasonable success in the 
application of the quantitative, geometrical method to questions of biological space- 
time pattern in general. 

The choice of Artemia has proven particularly fortunate for a study of meta- 
meric segmentation. The animal, held to be amongst the most primitive of living 
Crustaceans (Lockhead, 1941), develops few, if any, specialized structural features 
which would ordinarily tend to obscure the fundamental processes of morphogenesis. 
Moreover, the development of as many as nineteen body segments, a further primi- 
tive trait, is of obvious advantage in the investigation of the underlying principles 
of formation. Also, Artemia is easily obtained and can be reared in the laboratory 
without difficulty. 


METHODS AND MATERIALS 


Larvae of Artemia salina were obtained from commercial, air-dried egg cysts. 
Since excystment is retarded or inhibited in water above a certain salinity (Jennings 
and Whitaker, 1941), water of a specific gravity of 1.020 was used throughout as 
the initial medium. The egg shells cracked open usually 12 to 18 hours after 
contact with the water, and emergence of the larvae (Whitaker, 1940) took place 
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between 18 and 24 hours. Portions of five stock solutions of brines with different 
salt concentration were employed as further media. The solutions were obtained 
from the original sea water by either diluting with doubly glass distilled water or 
concentrating with NaCl to specific gravities of 1.022, 1.033, 1.047, 1.066, and 
1.085, respectively. All solutions were vigorously aerated daily, and possible 
deviations from the proper specific gravity were adjusted in weekly intervals. All 
work was carried out at room temperature, corresponding to an average water 
temperature of 21-22° C. As soon as the embryos had emerged, still enclosed 
within the fine hatching membrane, they were transferred to water from either of 
the five stock solutions. The moment of hatching, occurring within 24 to 30 hours 
after the cysts had first made water contact, was taken as zero time for all further 
determinations. 

For observation the larvae were reared singly, in heavy crystal watch glasses. 
In the course of several observational series, a total of up to 100 individuals were 
observed, at least for certain periods of their development; of the 100, about 25 
individuals, evenly distributed among the solutions, were reared from hatching to 
the adult stage. The presence or absence of a molted shell, the time, the tempera- 
ture,-the stage of development reached, and a series of measurements on bodily 
proportion were recorded for each individual twice daily in the earlier stages and 
daily for later stages. The animals were fed once every two days on a sea-water- 
yeast suspension. Each watch glass containing an animal was covered so that 
evaporation was nearly abolished, but a minimum of air circulation was always 
allowed for to equilibrize the CO, released by the yeast and the animal. The water 
was changed at two-day intervals for the younger stages and daily for older ones. 

Larval body measurements were taken under the microscope with the help of 
a hemocytometer slide whose grid allows the direct reading off of lengths of 50 
micra and consistent estimations of lengths of 10, 20, and 30 micra. If the larva 
is placed on a coverslip with a minimum of water, the whole can be adjusted in 
relation to the grid; evaporation is sufficiently slow to allow five or six measure- 
ments at a time. The error inherent in this method, viz., the parallax due to the 
thickness of the coverslip, is small enough to be negligible; also, since all measure- 
ments were taken in this way, the relative values are consistent. 


PRELIMINARY OBSERVATIONS 


Barigozzi (1939) and Rugh (1941) observed the total developmental time from 
hatching to the adult stage of Artemia to be 3 to 4 weeks. This is true as a broad 
generalization, but with the egg cysts in the various salinity media here employed, 
certain statistically preferred tendencies become apparent, expressed empirically by 


Dp; = Do: Sa*® 


where D, is the time, in days, for complete development from hatching in a solution 
of salt concentration +; Do, the (hypothetical) time, similarly, for development in 
distilled water (the algebraic value turned out to be 36.55); and S,, the specific 
gravity of the solution of concentration x. This relation holds good only in a 
statistical sense, within a specific gravity range of 1.020 and 1.1; it indicates that 
with higher salt concentrations the rate of development tends to be greater (Fig. 1). 
Irrespective of concentration a sigmoid curve of growth is always obtained. 
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Morphologically, different salinities have no differential effect on relative body 
proportions, a result to be expected in view of the conclusions of Bond (1932). 
An inverse relation between total size and salinity, observed by Bond, Heath 
(1924), and Warren (1938) for larvae from non-excysted eggs in the natural 
habitat, however, could not be observed for the excysted larvae here used; in the 
latter, total sizes are identical at equivalent stages of development, irrespective of 
salinity. 

The number of molts between hatching and sexual maturity is not constant. 
Even when reared in the same medium, slight differences in molting frequency 
between several larvae may occur. Moreover, there exists a rough statistical 
relation hetween salinity and the total number of molts, approximating closely the 


THORACIC PHASE ABDOMINAL PHASE 


POST-SEGMENTAL PHASE 
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os ' rs 2 25 3 45 5 
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Ficure 1. The effect of salinity on developmental time, from hatching to sexual maturity; 
absolute growth curves. Abscissa: total larval length; Ordinate: time in days. A-E, media 
of salt water, specific gravities from 1.022-1.085 respectively ; numbers 1-19 above abscissa refer 
to number of body segments present. 


above relation between salinity and the time required for complete development ; 
in general, however, the number of molts for a given salinity is somewhat lower than 
the number of days required for development. In larvae from excysted eggs and 
under artificial food conditions, a range of 12 to 16 molts was observed between 
hatching and maturity, at a specific gravity of 1.085; this compares with 25 to 29 
molts at a specific gravity of 1.022, and gradually decreasing molting frequencies 
for the intermediate salinity ranges. A staging of larval development according 
to molts, as Heath has done for non-excysted individuals, would therefore not be 
possible in the present case. Heath’s 13 stages would hold for excysted larvae 
only when reared in brine of a specific gravity of 1.085; even then certain definite 
differences in the degree of development of equivalent molting stages can be 
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observed, as comparison of Heath’s descriptions with those below makes apparent. 

With increasing developmental age the duration of instars increases; a 12 to 
24 hour interval between molts in the younger stages compares with 24 to 30 
hour intervals in older ones. The two factors of salinity and developmental age 
also determine the size increase between molts; for higher salinities, as well as for 
older larvae, the size increase is greater. There is no observable relation however 
between the time at which a molt occurs and the size or the developmental stage 
attained, irrespective of whether test larvae are reared in the same or at different 
salinities. Molting is also greatly influenced by the food supply. Starving animals 
do not molt; after 3-5 days an abortive attempt at molting is made which usually 
results in the death of the animal. Conversely, overfed larvae may molt twice in 
rapid succession without undue increase in size. 


ANALYSIS OF SEGMENT FORMATION 
Observations and definitions 


The larval development of Artemia can best be dealt with in terms of the 
number of body segments present. The first three segments become visible almost 
simultaneously at a total larval size of 0.745 mm. (stage 3), after the embryonic 
yolk has been digested away, and the termination of the hatching, nauplius, and 
metanauplius stages can therefore be represented as the termination of stages 0, 1, 
and 2, respectively ; at the end of any following stage the stage number will thus indi- 
cate directly the number of body segments present. It will be convenient to distin- 
guish between a thoracic period of development, comprising the first 11 stages, and 
an abdominal period, including stages 12 to 19; the latter can again be divided into 
a genital period (stages 12 and 13) and a post-abdominal one (stages 14 to 19). 

Except for the first three, each individual segment is initially recognizable as a 
transverse ring of thickened mesoderm, the segment rudiment, immediately under- 
neath the otherwise smooth epidermal layers (segmental stage a). Later, partial 
transverse constrictions appear externally in the epidermis and the chitin, in a 
plane just posterior to that of the segment rudiment (segmental stage >). Even- 
tually, the constrictions become complete and deepen, with a concomitant bulging 
out of the body wall in the region of the segment rudiment (segmental stage c). 
At this stage, the segment can be considered “laid down,” its shape resembling 
more or less a short cylinder. In thoracic segments, appendage buds appear in 
stage c ventro-laterally, on either side. The segments are considered mature when 
their pairs of swimming appendages first become independently motile. Stages a 
to c of the first and second, and stages a and b of the third segment can never be 
clearly seen; the first stages of these segments are attained prior to hatching and 
during the nauplius and metanauplius phases, when the presence of dense yolk 
conceals details of structure. As these segments become plainly visible in the 
third stage of the thoracic period, segment 3 is in stage c, but segments 1 and 2 
are already correspondingly ahead, both in size and the degree of their development. 

At the end of the thoracic period the 11th segment has reached stage c and the 
first five segments have become mature. The 11th segment attains maturity at 
the end of the abdominal phase of development (stage 19). Appendage buds 
similar to those on more anterior segments also develop on segments 12 and 13. 
But instead of developing into swimming appendages the buds on either side of 
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both segments enlarge, and in the female fuse into a sac in stage 18, forming the 
left and right brood pouch; no male larvae were investigated. The remaining six 
segments develop similarly from segment rudiments, but no appendage buds are 
ever formed and stage c represents the first stage of maturity. At the end of the 
abdominal period the 19th and last segment has become mature. In the head, the 
ocellus becomes pigmented in stage 2 and the compound eyes in stage 4. The 
maxillae and maxillulae also form in stage 2. The end of stage 19 marks the time 
when the gnathobase and the setae have been lost entirely from the second antenna. 
After stage 19 an arbitrary number of non-segmental stages ensue before sexual 
maturity is reached. 

When individuals in identical stages of development from the same or from 
different salinity media are compared, it is strikingly apparent that total lengths 
and body proportions in general fall within well-defined size-classes ; the deviations 
from the underlying averages in no case exceed + 3 per cent. In Table I the 
averages of a variety of body measurements are shown, from the 25 individuals 
watched throughout development, with the stage number as the basis of calculation ; 
these values, within + 3 per cent, are true for individuals from any of the salinities 
here examined. A schematic diagram of an Artemia larva indicates, in Figure 2, 
how the various entities have been defined. Head length is understood to include 
maxillar and maxillular segments. The length of a segment refers to axial and 
the width to its lateral extent. Total abdominal length is the length of the seg- 
mental portion, whether actually cut up into segments or not, plus the length of a 
terminating anal piece; the segmental portion is the pygidium of annelid forms, 
and in Artemia is readily distinguished from the anal piece, or urosome, by a con- 
striction. During the abdominal period of development, the segmental abdomen 
contains a genital region composed of segments 12 and 13, as well as a post- 
abdomen (presumptive segments 14 to 19) with segmented and non-segmented 
portions. 

From observation and from examination of the data in Table I the following 
facts concerning the formation of segments in relation to larval shape and size are 
consistently found to occur: 


1. Every thoracic segment when newly formed (stage c) has a fixed length 
of 0.03 mm. and a fixed width of 0.144 mm. , 

2. Every time a new thoracic segment is laid down in stage c, preceding seg- 
ments increase in length and in width. 

3. Throughout the thoracic period, the segmental part of the abdomen has a 
constant average length of 0.249 mm.; its anterior width, being slightly smaller 
than the width of the newest segment, is also constant (C = 0.142 mm.). 

4. During the thoracic period, the lateral contour-lines of the thorax are straight 
lines converging posteriorly ; the lateral abdominal contour-lines are also straight, 
but generally they converge with a greater degree of taper than the thoracic contours. 

5. Appendages are longer the more anterior they are; the line joining the tips 
of the appendages on one side of the body is more or less a straight line. 

6. As the 11th segment appears in stage c, the 5th segment has matured and 
the 19th segment has appeared in stage a. 

7. Between stage a and stage c of the thoracic segments, 4 stages of larval 
development intervene; an interval of more than 4 developmental stages is neces- 
sary for an abdominal segment to reach stage c from stage a. 
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8. Between stage c and maturity in the first 5 segments, 6 stages of develop- 
ment intervene; 8 stages intervene before maturity of segments 6 to 11. 

9. The anterior width of the non-segmented portion of the abdomen during the 
abdominal phase is of a fixed and constant magnitude and identical to the constant 
anterior width of the abdomen during the thoracic phase; thus at the end of stage 


Ficure 2. Schematic diagram of a larva of Artemia salina. A, larva in the thoracic 
period; B, larva in the post-abdominal period of development. A, length of segmental abdomen 
(pygidium) ; a, angle of thoracic taper; 8, angle of abdominal taper; C, Wo, WAo, constant 
anterior width of segmental abdomen; GL, length of genital region; H, head length; NSPA, 
non-segmented post-abdomen; P, length of post-abdomen; PS, PSm, length of a post-abdominal 
segment; SPAL, length of segmented post-abdomen; SR, segment rudiment; T, Tn, Tm, length 
of thorax; TAL, total abdominal length; TS, TSn, length of first thoracic segment; TSL, 7;, 
length of last (newest) thoracic segment; Tot.L, total larval length; U, urosomal length; W, 
Wn, width of first thoracic segment; WTSL, W:, width of last thoracic segment; WA, WA,, 
width of first abdominal (12th) segment; WASL, width of last (newest) abdominal segment; 
WU, anterior width of urosome. 
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19, the width of the urosome is the same as the posterior width of the head in 
stage 0 when segmental development started. A constant width has seemingly 
travelled down the larva. 

10. At the beginning of stage 12, the segmental abdomen starts to grow in 
length at a fast rate, having retained a constant length in the thoracic period. 

11. Segments 12 and 13 are of equal length at any time after their formation; 
they are individually always somewhat longer than the 11th thoracic segment and 
become progressively shorter, relatively, than the 14th segment. At stage 18, 
6 developmental stages after segment 12 has reached stage c, segment 12 and 13 
fuse to form the brood pouch in the female and can then be considered matured. 
The interval for attainment of maturity is thus equal to the similar interval in the 
first 5 thoracic segments. 

12. Segments 14 to 19 are not of equal length when formed; more posterior 
segments, when formed, are longer than more anterior ones when formed. Also, 
any one of these segments-has always one-sixth of the length of the post abdomen, 
and at a given time post-abdominal segments are of equal length. 

13. When segment 19 reaches stage c, the 11th segment attains maturity. 

14. During the abdominal phase, the thorax changes shape in the following 
way: the 2nd segment becomes longer and wider than the Ist, then the 3rd larger 
than the 2nd, etc., and the 5th becomes the largest, coincident with the end of 
stage 19. Asa result, the lateral thoracic contours become curved, the widest part 
of the thorax being at segment 2 in stage 16, at segment 3 in stage 17, etc., and at 
segment 5 in stage 19. 

15. Similar differential increases take place in the appendages; at stage 19, 
the 5th pair of swimming appendages is longest and appendageal length regularly 
decreases towards the Ist and the 11th pair. The line joining the appendage tips 
on one side of the thorax is now also curved. 

16. During the abdominal phase, and paralleling the differential increases in 
the thoracic segments, a progressive dorsal thoracic curvature develops, with an 
analogous shift backwards of the maximal flexure; the latter arrives similarly at 
segment 5 at the end of stage 19. Due to this flexure the head now appears bent 
ventrad. 

17. The lateral contours of the abdomen remain straight lines throughout the 
abdominal phase, with a definite taper directed backwards. 

18. At the end of stage 19 segmental development is completed ; further devel- 
opment is still to take place in the head. The essential overall shape of the animal 
as now established, i.e., the possession of a barrel-shaped thorax and a straight 
tapering abdomen, is carried through to sexual maturity, although changes of detail 
do still occur. 


These observations are now to be interpreted and integrated analytically. 


The thoracic phase of development 


The lengths of the first thoracic segment, in successive stages, are 0.03, 0.04, 
0.05, 0.058, 0.065, 0.076 mm., etc. (Table I). The differences between these 
values, taken for all 11 thoracic stages, are very close to an average difference of 
0.0097 mm. The length of the first thoracic segment in successive stages can 
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therefore be expressed as an arithmetical series 
TS, = (TS; — TSo) + (n — 1)°As (1) 


where TS, refers to the length of the first thoracic segment at stage n; n, to the 
successive stage numbers from 1 to 11 (and thus to the number of segments 
present at the time); (7S; — TSo), to the initial length of the first segment at 
the end of stage 1; and As, to the increase of segmental length per stage (0.0097 
mm.). The expression would mean that the first segment grows in length by a 
constant amount As during each stage. 

Since every other thoracic segment is known to start off with an identical value 
for (TS; — TSo), viz., 0.03 mm., it could be possible that other thoracic segments 
also increase a constant amount As during each stage. If that were true, then the 
newest segment, at any given stage, would have a length of (7S; — TSo), the 
segment immediately preceding it a length of (7S; — TSo) + As, the third but 
last a length of (TS; — TS») + 2As, . . . etc., and the first segment again a 
length of [(7S; — TSo) + (n —1)*As]. In other words the length of the entire 
thorax, being the sum of individual segments, should be the sum of an arithmetical 
series whose first term is (7S; — TSo) and whose last term is [(7S1 — TSo) 
+ (n—1)-As]. This can be put as 


n(n — 1) 


; 2) 
3 As (2) 


T, = n- (TS; — TSo) + 
where T, is the total thoracic length at stage n; and (7S; — TSo), the constant 
length of the newest segment (or the length of the first segment when in stage c). 
Taking As as 0.0097 mm. and (TS; — TS) as 0.03 mm., 7, for successive values 
of n can be calculated. These calculated values are compared with the observed 
values for thoracic length in Table II; the largest discrepancy is only approximately 
5 per cent, and the original suggestion is thus shown to be fact, i.e., every thoracic 
segment grows in length for a constant amount As, in each stage of the thoracic 
period. 

A similar approach can be employed to analyze thoracic changes in width. 
While in stage 0 thoracic length T,, is also 0, the anterior width of the presumptive 
thorax is already 0.142 mm. (C). In stage 1, the width of the first segment is 
0.144 mm. (Table I), and the initial increase (W,;—C), analogous to (TS; 
— TSo) in equations 1 and 2, is therefore 0.002 mm.; the anterior width of the 
presumptive second segment is again C = 0.142 mm. (each segment after stage c 
being regarded as a short cylinder). In succeeding stages, the width of the first 
segment increases 0.002, 0.004, 0.005 mm... . etc. (Table I). The increments 
per stage are then not constant, as they were for segmental length, but the figures 
suggest that the increases of the increments per stage might be constant. If the 
increment in stage 2 were 0.003 instead of 0.002 mm., the increase Aw over the 
initial increment (W,—C) would be 0.001, and (W, — C) + Aw would repre- 
sent the increase in width during stage 2. Similarly (W,—C) + 2Aw and 
(W,—C) + 34w would indicate the increases during stages 3 and 4 respectively. 
In general, 


(Wa — Wars) = (Wi —C) + (n—1)-dw (3) 
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would be true, where (W,— W,_1) represents the increase in width of the first 
segment during stage n. The total width increase of the first segment during the 
first m stages would then be the sum of an arithmetical series whose first term is 
(W, — C) and whose last term is [(W, — C) + (n — 1)-Aw)], for similar reasons 
as in thoracic length ; or 


W,—C=n:(W,-—C) + Mae. w (4) 


and 
n(n — 1) 


Wy =C +n-(Wy—C) += "5 


“Aw (5) 
TABLE II 


Calculated and observed magnitudes of certain larval body regions, in millimeters 





Thoracic length Width of ist thoracic segment 


Observed Calculated Observed Calculated 


0.030 0.030 0.144 0.144 
0.070 0.069 0.146 0.147 
0.122 0.119 0.150 0.151 
0.185 0.178 0.155 0.156 
0.242 0.247 0.162 0.162 
0.311 0.325 0.167 0.169 
0.390 0.413 0.179 0.177 
0.480 0.511 0.191 0.186 
0.600 0.619 0.209 0.196 
0.733 0.736 0.225 0.207 
0.861 0.863 0.245 0.220 


1 
2 
3 
+ 
5 
6 
7 
8 
9 
0 
1 


— 


Length of a post-abdominal : 
Length of post-abdomen segment Width of 12th segment 


Observed Calculated Observed Calculated Observed Calculated 


(0.29) (0.28) (0.041) (0.04) 0.150 0.147 
(0.325) (0.30) (0.054) (0.05) 0.160 0,154 
0.38 0.36 0.06 0.06 0.170 0.163 
0.45 0.45 0.08 0.075 0.185 0.174 
0.58 0.57 0.09 0.095 0.190 0.187 
0.73 0.72 0.12 0.12 0.200 0.202 
0.91 0.90 0.15 0.15 0.210 0.219 
1.13 1.11 0.18 0.185 0.230 0.238 





Taking for (W,—C) and Aw the values 0.002 and 0.001 mm. respectively, W, 
has been calculated for successive values of m, and the comparison with the observed 
values is shown in Table II. The percentage discrepancies are greater than those 
observed for thoracic length, but nevertheless insignificant in view of the greater 
difficulty of taking accurate measurements of entities of so much smaller magni- 
tude. It is to be concluded that the width of the first thoracic segment grows 
similarly as the length of the thorax, i.e., by adding, in each stage, another term 
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of an arithmetical series in which consecutive terms differ by a constant amount Aw. 

It must now be shown that other thoracic segments also increase in width 
according to equations 4 and 5; actual measurements for these segments have not 
been taken, but the proof can be arrived at indirectly. It is known from observa- 
tion that the lateral thoracic contours are straight lines converging posteriorly. The 
angle of taper a (Fig. 2) is always expressed by 

W,—C 
tan a= a. (6) 

and this angle, on calculation, is seen to be very nearly constant for successive 
values of m. For »=1 and n= 11, tan a equals 0.033 and 0.045 respectively ; 
the average from all eleven values is 0.039, corresponding to an angle of 2° 18, 
+ 15’. Since the contours are then straight lines, with a constant taper in all 
thoracic stages, the taper of individual segments must also be constant and identical, 
i.e., (Wy — Wy+1)/2TS,; as the length TS, of a given segment in a given stage 
can be shown to be equal to the length, in the preceding stage, of the segment 
immediately anterior to it, an analogous equality must obtain for the width of a 
segment, for the taper in each case must be identical. In other words, when the 
width of the first segment is W,, the width of the succeeding segment is W,_1, 
in the same stage; this proves however, by extension, that all thoracic segments 
must increase in a manner identical to the first, since W, and W,_1 represent sums 
of the same arithmetical series as that in equation 5, W, containing one term more 
than iets 

The segmental abdomen during the thoracic phase maintains a constant length 
(A = 0.249 mm.) and a constant anterior width (C = 0.142 mm.). The posterior 
width WU, identical to the “width of the urosome,” however increases (Table I). 
The angle of taper 8, therefore, expressed by 


C—WU, 


tan B=—>7- 


(7) 
decreases. Stated in other words, the convergence of the abdominal contour-lines 
gradually diminishes. A stage will eventually be reached at which the thoracic 
and abdominal contours will form continuous straight lines, the thoracic contours 
having a constant taper (equation 6) ; at this time 


tan a=tan B 
and 


W,-—C_C—WU, 
2T, 2A 


(8) 


from which WU, can be calculated, all other terms being known. WU, from 
equation (8) is 0.123 mm.; the value of WU, closest to this in Table I is 0.125 
mm. in stage 11. It follows therefore that the thoracic and abdominal contours 
become continuous straight lines as the end of the thoracic period of development 
is reached. 

For analytical purposes thoracic shape during the thoracic period can be re- 
garded as a regular cone from which the tip was cut off (frustrum of a cone). 
Dorso-ventral extent at any level would be very nearly equal to the lateral width 
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at that level. The diameters of the end faces of the frustrum can thus be assumed 
to be W,, and W, respectively, and since the length of the frustrum is always given 
by T,, the volume and the surface area of the thorax can be approximated by the 
use of known geometrical formulae. If the volume V, of the first segment is 
known the total thoracic volume V, at any stage can also be calculated from a 
sum-of-a-series equation, of the general form 

i+ n(n—1) ay (9) 

2 

which must obtain, since both length and width changes are governed by such 
equations. Furthermore, As and Aw are obviously related mathematically to 
Av. In sum, if the initial size and shape of the thorax (n= 1), and the values 
As and Aw are known, the size and shape of the thorax at any further thoracic 
stage can be predicted. 


The abdominal phase of development 


Abdominal growth.—At the beginning of the abdominal period, the segmental 
abdomen starts to grow in length, having been constant before. During stages 12 
and 13 the abdominal increases are 0.08 mm. per stage, or almost exactly 8 x As 
(Table I); since the initial abdominal length at the beginning of stage 12 (or at 
the end of stage 11) is 0.249 mm. or approximately 8 x 0.03 m., it follows that during 
the genital period each 0.03 mm. portion of the segmental abdomen grows an 
amount As per stage. In other words, the segmental abdomen behaves as though 
it were already cut up into its eight segments, and each of these hypothetical seg- 
ments has the same antero-posterior growth potential as thoracic segments when 
first laid down, viz., increasing As per stage after having a length of 0.03 mm. If 
the 12th segment were laid down in the manner in which thoracic segments are 
formed, it would reach stage c at a length of 0.03 mm. But after stage 11 the 
entire segmental abdomen has already started to grow, at a rate of As per stage 
per 0.03 mm. Thus at the end of stage 12 when the 12th segment reaches stage c, 
it will be 0.03 + As, or 0.04 mm. instead of 0.03 mm. long; the entire segmental 
abdomen should then be eight times 0.04, or 0.32 mm., and the post-abdomen 0.28 
mm. long. Analogously during stage 13, each 0.04 mm. portion of the segmental 
abdomen will now add an amount As, so that segment 13 when in stage c will be 
0.05 mm. and the entire segmental abdomen eight times 0.05, or 0.40 mm. long. 
At this point the genital region should be 0.10 (2 x 0.05) mm. and the post-abdomen 
0.30 mm. long. Actual figures in Table I support such an interpretation rather 
well, and the conclusion is justified that during the genital period the segmental 
tissue of the abdomen acquires the same growth potential in length as that of 
equivalent amounts of thoracic tissue during the thoracic period. 

The genital region continues to grow in length at the indicated rate, as the data 
in Table I tend to show. The post-abdomen would similarly do so, were it not 
for the fact that another change in the mode of growth occurred at the end of stage 
13. Successive post-abdominal lengths P,, from stage 13 on are 0.325, 0.38, 0.45, 
0.58 mm. etc., in other words the increments are increasing. A sum-of-a-series 
expression, similar to that for thoracic width changes, fits these figures very 
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closely, i.e., 


m(m — 1) 
ee (10) 


Pas sai Po = (P; Po):m + 


m(m— 1) 


2 


where P,, represents the total post-abdominal length for stages 14 to 19; Po, the 
initial length at the end of stage 13; P;, the length at the end of stage 14; m, the 
successive integers from 1 to 6; and Ap, the increments per stage over the initial 
increase (P; — Po). The theoretical value for Po was previously seen to be 0.30 
mm., and with 0.06 and 0.03 for (P;—Po») and Ap respectively, the calculated 
values for P,, compare well with the observed ones (Table II). 

If equation (11) is divided by six, the growth formula for individual segments 
is obtained, since each of these segments is one-sixth of the entire post-abdomen ; 


Pm = Po + (P1 — Po) >m+ “Ap (11) 


PS. = PS6+ (PS; — PS) + (12) 


PSo, PS;, and A(p) are 0.05, 0.06 and 0.005 mm. respectively, and (PS; — PSo) 
is therefore 0.01, or very closely As; thus the initial increase of the presumptive 
segments 14 to 19, at the beginning of the post-abdominal period, is identical to 
the increase of these tissues during stages 12 and 13, and this increment is then 
augmented by a constant amount A(p) in each subsequent stage. What is re- 
sponsible for this change in the mode of growth of post-abdominal segments? It 
is more than likely that non-formation of appendages is related to this, inasmuch 
as newly formed tissue will not be diverted for the establishment and subsequent 
growth of appendage buds; augmented growth of the segments would therefore 
be facilitated. It can now be stated in general, that while body segments are 
formed, length increments per stage for all segments are constant, but the incre- 
ments may be added to an initial length as in thoracic and genital segments, or to 
an initial increase of length, as in post-abdominal segments. 

As in thoracic segmentation, the anterior width of the segmental abdomen has 
the constant value C = 0.142 mm., during the abdominal period. This value is 
the anterior abdominal width at the end of stage 11, and the anterior width of the 
presumptive 13th segment at the end of stage 12. The 12th segment, by this time, 
has attained a width of 0.15 mm. (Table I), and in succeeding stages this width 
increases to 0.16, 0.17, 0.185 mm... . etc. As for thoracic width the increases 
are found not to be uniformly constant, and a sum-of-a-series expression again 
approaches the data best, i.e., 

WA, —C=r-(WA, —C) ita 


2 


~ 


‘Awa (13) 


and 


WA, =C +r(WA;,—C) + rr). wa (14) 


where WA, represents the width of the 12th segment at a stage r of the abdominal 
period; (WA; —C), the initial increase in width during stage 12; Awa, the in- 
crease in width, per stage, over the increment during the preceding stage; and r, 
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the successive integers from 1 to 8. If for (WA,—C) and Awa 0.005 and 
0.002 mm. respectively are taken, the calculated values for WA, compare well 
with the observed ones (Table II). 

Other abdominal segments can be shown to follow a similar mode of growth 
in width. The lateral contours being straight lines, the angle of taper f is 
expressed by 
WA, — WU, 
tan B= 2A, 


where A, is the length of the entire segmental abdomen, i.e., genital plus post- 
abdominal lengths, and.other values as before. Tan 8, when calculated from 
Table I for successive values of r, centers about the average of 0.036 + 0.004; in 
other words, the abdominal taper does not only remain constant during the ab- 
dominal period, but this taper is also practically identical with that reached by the 
segmental abdomen at the end of stage 11 (cf. above, equation 8). 

Unlike thoracic segments, which start development at stage c with the same 
length as that of more anterior segments at stage c, the abdominal segments begin 
development at a length identical with that of more anterior segments at the same 
time. In maintaining a constant taper, the initial increase of any presumptive 
thoracic segment over the width C is always expressed by the first term of the 
series applying to thoracic width (equations 3, 4, and 5), and the later a segment 
arises the fewer terms of the series can it add to its width during the thoracic period. 
Since abdominal segments have now also been shown to maintain a constant taper, 
and since their lengths at stage c are equal to those of more anterior segments 
already beyond stage c, an analogous relation must similarly exist for segmental 
width; namely, the initial increase of a presumptive abdominal segment over the 
width C must be identical to the width increase experienced by other abdominal 
segments at the same time. If (WA, —(C) in equation (13) represents the initial 
increase of segment 12, then (WA, — WA) would do similarly for segment 13. 
In other words, the width of both segments follow the same series, but the second 
term for segment 12 becomes the first term for segment 13; the third term for 
segment 12, similarly, becomes the first term for segment 14, etc., and the eighth 
and last term for segment 12 is the first and last term for segment 19. Thus as 
with thoracic segments, the later an abdominal segment arises the fewer terms are 
added to its width, but while the width increases of thoracic segments start with 
the same and end with consecutive terms, those of abdominal segments start with 
consecutive and end with the same terms of the series. 

It should be observed parenthetically that equation (13) may have a slightly 
different constant Awa for the genital and post-abdominal segments respectively, 
reflecting the different modes of growth in length of these two groups of segments ; 
or, if the constant is actually identical the lateral abdominal contour would theo- 
retically not be an exact continuous straight line, but rather two straight lines with 
slightly different taper, joined between segments 13 and 14. In either case, the 
difference would be so small as to be unnoticeable in practice; with the present 
techniques of observation and measurement, a single series relation holds for both 
groups of segments, and even if two separate series could be established with finer 
means, the principle of growth in width as outlined above would nevertheless hold. 

As for segmental growth in length, a general conclusion can now be stated for 


(15) 
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growth in width, viz., width increments per stage for all body segments are con- 
stant, and the increments are always added to an initial increase in width. The 
combined generalization is also true, that total segmental mass increments per stage 
are constant, and the increments are added either to initial masses or to initial 
increases of mass. 

Thoracic growth.—One of four possible reasons could a priori be advanced 
in an attempt to account for the differential size changes in the thorax, such that 
the 5th segment ‘ultimately becomes largest, during the abdominal period: i.e., 
either the segment rudiments in stage a differ in initial size but follow the same 
growth curves; or the analogous converse; or either the rudiments have both equal 
initial size and identical growth curves; or the analogous negative. Since for all 
thoracic segments four stage-intervals elapse between stage a and stage c, length 
and width magnitudes at stage c are identical, and the increments per stage, no 
matter at which segmental stage, are identical (i.e., As), only the conclusion is 
admissible. that thoracic segment rudiments have equal initial sizes and follow 
growth curves of the same shape. Under such conditions there are two factors 
which must be held responsible for the observed growth of thoracic segments, i.e., 
the time lag in the formation of consecutive segments, and segmental age. The 
time lag fully accounts for the regular gradation of segmental sizes at the end of 
the thoracic period and for the constant taper of the thorax; as will be demon- 
strated below, the influence of this original time lag carries over importantly into 
the abdominal phase, and this, together with the factor of segmental age, can indeed 
be made the basis for a consistent interpretation of the manner of thoracic growth. 

Data in Table I show that thoracic length remains constant during the genital 
phase. Hereafter the values for length fit the equation 


ee — 2) 


Tn = Ta 1 + (T, - lake ait —As (16) 


2 


~ 


where Ty and 7, represent thoracic length at the end of stage 11 and stage 14 
respectively, and m, as before, the integers from 1 to 6. With 0.86 and 0.92 mm. 
for Ty and 7;, and As as before, successive calculated values for 7,, are 0.92, 1.03, 
1.18, 1.36, 1.56, and 1.77 mm., significantly close to the observed data; the in- 
creases per stage are therefore 0.06, 0.11, 0.15, 0.18, 0.20, and 0.21 mm., and the 
differences between the increases are seen to diminish in a regular manner. 

The scheme in Table III will account for such a series of increases. The 
figures in this table represent multiples of As and they show the length increase 
of the indicated segment during the indicated stage. Sums of figures in vertical 
rows, multiplied by As, indicate the increases of the entire thorax during the given 
stages, and successive sums are seen to be equal to the values for the increases per 
stage as calculated from equation (16). Horizontal sums, multiplied by As, give 
the total increments of any thoracic segment during the post-abdominal period. 
This scheme is reproduced somewhat differently in Table IV, in which the figures, 
multiplied by As, indicate directly the size of any of the 19 body segments at any 
of the 19 developmental stages; vertical sums have meanings analogous to equiva- 
lent sums in Table III. 

It will be observed that all formulae previously deduced in connection with 
length increases are inherent in the figures in Table IV; observational data are 
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also incorporated. For example, the first segment when reaching maturity in 
stage 7 has a length of 0.09 mm. (cf. Table I). Succeeding thoracic segments 
must also mature at this size, in consequence to the equality of their growth curves; 
thus segment 5 is shown to mature in stage 11 when the 19th segment appears in 
stage a, and segment 11 in stage 19, in conformity to the observational data in 
Table I. The scheme in Table IV also shows well the successive segmental pro- 
portions in the thorax during the abdominal phase. In stage 16, segments 1 and 2 
are longest, in stage 17 similarly segments 2 and 3, etc.; maximal segmental length 
thus shifts caudad, fully corroborating observation. 

Segmental growth of the thorax as indicated in the table can be interpreted 
provided two assumptions are postulated, i.e., (a) a segment can no longer. grow 
by regularly increasing amounts after having passed through 14 segmental stages, 


TABLE III] 


Scheme of segmental increments, in multiples of As, in the thorax during the post-abdominal 
bhase of development 


Total 
segmental 
increases 


Segment 
1 


9 
10 
11 


Potal 
thoracic 
increases 


counted from stage c, and (b) a segment, in order to grow by increasing amounts 
at all, must.have matured within the first 6 segmental stages of its existence, 
counted from stage c. These two provisions constitute the limiting conditions of 
segmental age. 

Table IV reveals that only the first 5 segments fulfill the second condition; 
segments 6 to 11 would also have matured in 6 stages of their individual existence, 
were it not for the fact that no thoracic growth takes place during the genital period, 
and maturation of the posterior thoracic segments is therefore delayed by two 
stages. Thus only the first five segments would be able to grow by increasing 
amounts, whenever such growth was made possible. It has been shown previously 
that at the beginning of the post-abdominal phase, the post-abdomen ceases to grow 
by constant increments and begins growth by increasing increments, with an initial 
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increase during stage 14 equal to that of stage 13. Apparently the phenomenon of 
increasing increments at this time is not confined to the post-abdomen but also 
affects thoracic segments, subject to the limiting provisions stated above. Thus 
the first five segments have an initial increase equal to the increment during stage 
13, viz., 0; segments 6 to 11, not fulfilling condition (b), simply continue at their 
former constant rates, viz., As per stage (cf. data in Table III, under increases 
during stage 14). From here on, the first five segments augment their increases 
by As in every stage, until their 14th segmental stage is passed; then, by assump- 
tion, the increment of the 14th segmental stage can no longer be augmented, but 


TABLE IV 


Scheme of growth of body segments, in multiples of As 
a refers to segmental stage a of any given segment) 


Stage 


Genital 


phase Post-abdominal phase 


rhoracic phase 
5 6 7 8 12 13 15 16} 17 18 


Seg- | 
ment | 


9 
10 
11 


we he UI QD 1 00 


12 
13 


14 
15 
16 
17 
18 
19 





is retained as a constant increment till growth stops altogether. Thus segment 
one has increased its increment of zero by As at the end of stage 15 (Tables III 
and IV); but at this point its 14th segmental stage has already been passed and 
hereafter only a constant increment of As per stage is possible. Segment 2 on the 
other hand is younger than segment one, being laid down in stage c with a time 
lag of one developmental stage. By the end of stage 15, therefore, when segment 
one has just passed its 14th segmental stage, segment 2 has only passed its 13th 
segmental stage and its increment of As during stage 15 can be augmented once 
more by As; when the 2nd segment has passed its 14th segmental stage, its in- 
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creases in subsequent stages will therefore be 2 As per stage. Similarly, segments 
3, 4, and 5, each being one stage younger than the preceding segment, are able to 
augment their increments by As 3, 4, and 5 times respectively, before they com- 
plete the 14th segmental stage. Segment 5 in consequence is as long as segment 
4 at the end of stage 19, but the former will continue to grow at a rate of 5 As 
per stage, while the rate of the latter can only be 4 As per stage; at any time after 
stage 19 therefore the fifth segment will be longest. 

Analogous changes occur with regard to thoracic growth in width, and the 
thoracic cone-frustrum of stage 11 gradually assumes the shape of a barrel, with 
the “waist” at segment 5 after stage 19. The dorsal thoracic curvature of the 
animal, arising similarly after stage 11, can also be interpreted as a result of 
differential segmental increases in a dorsal direction, according to a scheme resem- 
bling that in Table IIT. 

The genital segments have been noted to mature, i.e., to form a broodpouch, in 
stage 18. Table 1V reveals that at the end of this stage, segment 12 has just com- 
pleted its 6th, and segment 13, its 5th stage of segmental development, counted 
from stage c. Thus both segments fulfill one of the two age conditions assumed 
for thoracic segments; the fulfillment of the other might be expected. Observa- 
tion proves that this is actually so. Genital segments of older larvae are known 
to bulge considerably beyond the general abdominal contour, giving them a knobby 
appearance. This could not be possible if the constant increases observed up to 
stage 18 were maintained any further; rather, after stage 18 the initial increment 
of an increasing rate will again be equal to the increase during the stage just 
passed, viz., As, and during a 20th stage this increment will be augmented by a 
given amount, during a 21st stage by twice this amount, etc., till the 14th seg- 
mental stage is passed. 

The post-abdominal segments have previously been shown to grow by regu- 
larly augmented increases as soon as they are laid down. But since these segments 
bear no appendages, stage c for them is equivalent to attainment of maturity, as 
already observed above. Maturity thus proves to be an important temporal 
threshold for all body segments, and the statement that augmented growth will 
occur in any mature segment, provided maturity was reached in a definite time, 
has general application; the concept of segmental maturity is apparently not only 
a working hypothesis, as has been assumed at the start, but seems to have real 
biological meaning. 

There is no doubt that the scheme of growth here presented describes correctly 
the actual events of later thoracic development ; but the assumptions, while justified 
by the interpretations they allow, still remain to be explained. Only tissue culture 
studies will be able to reveal why segments not matured in the first 6 stages of 
existence are at too early a stage of development, and why segments after 14 stages 
of existence are at too advanced a stage to do more than keep up a constant rate. 


Growth of appendages; integration of segmental development 


In the preceding section it has been reasoned that segment rudiments in the 
thorax have equal initial size and identical growth curves; observation tends to 
confirm not only this but also that equal-sized rudiments develop for all body 
segments. It can be assumed that in these rudiments certain tissue masses (ap- 
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pendage rudiments), initially also of equal size and of equal growth capacity in 
equal times, differentiate independently towards the establishment of appendage 
buds. Such buds however never appear in the post-abdomen, and when they 
appear in other regions they may develop into swimming appendages or into a 
broodpouch. In the evidence presented in Tables I and IV, an important clue 
can be found to at least one of the factors preventing serial analogy despite the 
observed serial homology in appendageal development. 

Every thoracic appendage rudiment reaches the bud stage after an interval of 
four developmental stages. The segment as a whole is at stage ¢ at this point, 
and the appendage buds of any thoracic segment must be of identical size, due to 
the identity of initial size and of growth capacity for all appendage rudiments, and 
of identical shape, since every thoracic segment at stage c has identical propor- 
tions. Enough appendageal tissue has apparently been manufactured, during the 
four preceding stages, to initiate the development of a swimming appendage. 

When a genital segment reaches stage c, 4+ and 5 developmental stages have 
elapsed since stage a. The appendage rudiments therefore have time to manu- 
facture proportionately more appendageal tissue, at the same intensity as that of 
thoracic rudiments. If the genital segments in stage c had larger sizes, propor- 
tionate to the longer time interval available, the appendage buds of genital segments 
would have the same size and shape as those of thoracic segments. However, both 
the length and the width of genital segments are greater in stage c than the size 
which would be proportionate to the longer time of formation. The length of 
any thoracic segment when laid down is 0.03 mm., for example, and four develop- 
mental stages have elapsed since stage a; the length/time ratio is thus 0.03/4. In 
genital segments this ratio is larger, viz., 0.04/4 + and 0.05/5, and analogously for 
width. Appendageal tissue in genital segments can therefore not be developed in 
sufficient quantity, in proportion to segmental size, to produce appendage buds of 
dimensions equal to those of thoracic buds, even though more time is available. 
Genital buds will thus be relatively smaller and flatter, and the amount of appenda- 
geal tissue manufactured will be spread more thinly over the presumptive appen- 
dage region; the quantity of tissue present per unit area is apparently already 
below the threshold necessary for the formation of comparatively specialized 
swimming appendages, and only enough tissue is available to initiate the formation 
of a relatively simple sac. 

In post-abdominal segments at stage c the size/time ratio becomes progressively 
larger still, and appendageal tissue consequently cannot even accumulate in quanti- 
ties sufficient to form a bud. 

After the appendage buds are laid down, an appendage retains a definite size- 
proportionality to the segment bearing it. When, for example, the thoracic con- 
tour is a straight line, during the thoracic phase of development, the line joining 
the tips of the appendages on one side is also a straight line, and, as with the 
segments themselves, the time lag in bud formation accounts for the taper. Simi- 
larly, as the thorax gradually becomes barrel-shaped in the abdominal phase, the 
transformation is reflected in differential length increases in the appendages, and 
when the appendageal tips on one side of the body are joined by a line, the result 
is an analogously barrel-shaped contour. 

From the above analyses, the following integrated sequence of events becomes 
apparent with regard to segmental development. 
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Shortly before hatching segmental rudiments of equal size begin to be formed, 
at a rate of one per developmental stage; with a time lag of four stages, segments 
are constricted off in posterior succession, all with constant initial sizes and in- 
creasing by a constant amount during each stage. As the first segment reaches 
maturity, the rate of segment rudiment formation increases to two per stage. 
Rudiments are laid down at this rate till the newest rudiment appears at the 
posterior end of the segmental abdomen which latter had so far maintained a 
constant length. The last formed rudiment happens to be the 19th and by this 
time, 11 segments have been constricted off, five of which have already matured. 

The process of rudiment deposition and segment constriction could be assumed 
to go on at length, were it not for the fact that the “end” of the animal has been 
reached. This is apparently the cue for a general change in the mode of growth. 
The entire segmental abdomen begins growth, increasing as yet equal amounts 
per stage, and the thorax ceases to grow. After two genital segments of equal 
size are formed another general change occurs, to the effect that hereafter any 
segment maturing within a definite time may grow by augmented increases, as 
described in detail above. This type of growth is maintained, in each segment in 
which it takes place until the 14th segmental stage is passed, whereupon the total 
increment of the 14th stage is reproduced without further increase in each suc- 
ceeding stage. Segments not matured within the required time continue to grow 
by constant increments. The eventual result of this varied manner of growth, 
maintained up to sexual maturity, is the barrel-shape of the thorax, the presence 
of a dorsal thoracic curvature, the knobby appearance of the broodpouch seg- 
ments, etc. 

DIscUSSION 

Throughout the present analysis of metamerism in Artemia salina, the time 
scale employed was that of developmental stages, defined as the number of body 
segments present. It must be eminently realized that this is a scale of relative, 
biological time. Events in nature take place in a space-time continuum, and to 
Artemia equivalent happenings in space, i.e., the establishment of segments, must 
be correlated to the passage of equivalent units of (relative) time, i.e., what here 
had been called “stages.” In hours and minutes, segment formation occurs of 
course not in equivalent times, since the phenomenon is dependent on the environ- 
ment on the one hand, and on changes in growth rates with age on the other. 
Artemia and other similarly primitive forms are particularly suited for a ready 
identification of relative time, but in segmented animals of greater complexity, as 
well as in non-segmented groups, “equivalent happenings in space” cannot be picked 
out with comparative ease, and it will be more difficult to tell what the relative time 
scale actually is; but that it is intrinsically present in biological phenomena has 
already been acknowledged by others. Thus Needham (1942), after briefly re- 
viewing the pertinent literature, states: 

“Mouse time must bear the same, or a similar, relation to elephant time as 

mouse spatial magnitudes to elephant spatial magnitudes. Indeed, unless the 

time factor is brought into account, we may understand morphological similarity, 
but we can never hope to understand physiological, still less embryological, 
similarity.” 
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Measurements on Artemia in absolute time would never have brought to light 
the truly amazing simplicity of the laws of segment formation, as given by the series 
and the sum-of-series formulae, and in terms of relative time these formulae as- 
sume a simple biological meaning, viz., (a) that equivalent spatial events take 
place during equivalent relative times, and also (b) that equivalent spatial events 
take place in tissues of equivalent relative age. For illustration, the thorax during 
the thoracic period of development may be considered, where the increments per 
stage of (7S; — TSo) and (W,—C) (equations 1 and 3) are indeed equivalent 
and constant, and where every other segment grows similarly in this same manner ; 
summation of the increments must then result in the sum-of-series expression. 
Analogous interpretations, based on the idea of spatial and temporal equivalence 
can be adduced in every other case in which the formulae hold, i.e., virtually for 
the entire period of segmental development. Before and after this period, relative 
time is of course still operative, but its expression is latent, inasmuch as its passage 
is not paralleled by morphological events clearly identified as equivalent. The 
same would be true for the majority of living organisms, but it can be asserted 
with a fair amount of logical conviction, that if and when it will be possible to 
make explicit the relative time scales of living organisms as a whole, size incre- 
ments in relative time units will be found to be equivalent, and series formulae of 
linear, quadratic, and perhaps even of higher degree will be found to hold. 

It should in general be useful to have a specific term to distinguish relative 
biological time from absolute duration; the concept as a whole might be called 
“biochronism,” and the relative time scale could be said to have one “biochron” 
as its unit. Also, in order to transcend the usual connotations of “growth rate,” 
“biochronal rate” could be substituted. Whenever in the text above “increase per 
developmental stage” was mentioned, “increase per biochron” was really implied. 
In this connection, the type of analysis in the present report is clearly different 
from “allometric,” “heterauxetic,” or “heterogonic” inquiries. The term “mor- 
phometry” is suggested to indicate generally any quantitative appreciation of or- 
ganic size, shape, and time as an integrated dynamic pattern. While it is realized 
that apologies are in order, more or less categorically, for the introduction of any 
new term into present-day biology, it should be kept in mind that new terms become 
unavoidable as different methods of inquiry and fresh fields of study appear. 

Two immediate issues have not been touched on at all in the present analysis. 
First, what determines the changes in the mode of segmental growth at the end 
of both the thoracic and the genital periods? That the changes occur is fairly 
definitely established, and this would support the view that division of segmental 
development into periods is real, i.e., physiological as well as morphological. But 
beyond that, speculation into the nature and history of the changes would be futile, 
for lack of direct evidence. Secondly, and this is the fundamental question in the 
study of metamerism, why are segments formed at all? It will readily be ad 
mitted that even an attempt to answer this problem can only be made after a great 
deal more is known about segmentation phenomena as a whole. 

Excepting these two questions however, the final size and shape of Artemia 
nevertheless has here been accounted for in terms of initial body proportions much 
as Berrill (1941) has done for the ascidian, Botryllus. When copepods, crayfish, 
and other diverse crustacean forms of higher evolutionary rank are considered, 
similarly in possession of a barrel-shaped thorax and a straight tapering abdomen, 
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it is perhaps justifiable to reflect that Crustacea as a group might have evolved 
with a single and basic geometrical pattern of growth. 


SUMMARY 


1. Growth and the dynamic pattern of segment formation in excysted larvae of 
Artemia salina have been quantitatively studied. The final shape of Artemia at 
sexual maturity can be accounted for in terms of initial shape at hatching. 

2. In analyzing the pattern of metamerism, the stages of development are 
gauged by the number of body segments present. Growth during the entire period 
of segment formation is found to be governed by arithmetical series and sum-of- 
series relations, implying that growth increments per stage over either initial sizes 
or initial increases are constant and identical for thoracic, genital, and abdominal 
segments, respectively. Later transformations of larval shape, resulting in the 
barrel-shape of the thorax, the presence of a dorsal thoracic curvature, the knobby 
appearance of the genital segments, and the presence of a straight tapering ab- 
domen, are accounted for analytically on the basis of concepts concerning the age 
of segments and the time lag involved in segment formation. 

3. The presence, absence, and the difference of structure of appendages are 
shown to be determined, at least in part, by the size of segments when first laid 
down, and by the time available for appendage rudiments to form appendageal 
tissues. 

4. The time scale employed in the analysis of the segmentation pattern in 
Artemia is interpreted to be a relative, biological one, and the meaning of the series 
formulae with regard to this relative scale is illustrated. The notion of “bio- 
chronism” is introduced, as a general concept applying to biological events in 
relative time. 
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ELECTRON MICROSCOPE OBSERVATIONS OF THE 
TRICHOCYSTS AND CILIA OF PARAMECIUM 


M. A. JAKUS AND C. E. HALL 


Department of Biology, Massachusetts Institute of Technology, Cambridge, Massachuseits 


In previous publications, electron micrographs have been shown of trichocysts 
(Jakus, 1945) and of cilia (Schmitt, Hall, and Jakus, 1943). Recently we have 
re-examined both these organelles using the shadow-casting technique of Williams 
and Wyckoff (1945). The new technique shows structural detail with improved 
clarity and reveals some features not previously visible in specimens prepared in 
the conventional manner. 


TUNGSTEN FILAMENT 
WITH METAL 


_— METAL DEPOSIT 


Th ceusindl et COLLODION FILM 
“SHADOW 


Ficure 1. Diagram of shadow-casting technique. 


The shadow-casting technique is illustrated diagrammatically in Figure 1. A 
specimen is placed in a vacuum bell-jar containing a conical tungsten filament in 
which are placed some small pieces of a suitable metal such as chromium. When 
the filament is raised to a high temperature by the passage of an electric current 
the metal evaporates, travelling in straight lines and depositing on the specimen as 
indicated. Structures projecting above the surface of the supporting film cast per- 
manent shadows to the “leeward” and intercept metal to the “windward.” Speci- 
mens are then examined in the electron microscope in the usual manner. In posi- 
tive prints the shadows appear bright because they represent relatively transparent 
regions in the object. It is customary, therefore, to prepare micrographs as nega- 
tive prints so that the shadows will appear darker than the background. 


TRICHOCYSTS 


The structure and properties of the trichocysts of Paramecium have been de- 
scribed in a previous paper (Jakus, 1945). In electron micrographs, the discharged 
trichocyst consists of a sharply-pointed tip and an elongated, cross-striated shaft 
with a periodicity of about 550 A. The cross-striated structure appears to be a 
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thin membrane formed by the lateral aggregation of fine fibrils. The tip, in con- 
trast to the shaft, is quite opaque. The reason for this opacity was not obvious. 

Further information about the morphology of the dried extruded trichocyst is 
obtained from electron micrographs of shadowed specimens ( Fig.2). The tip is seen 
to be a compact structure which stands up from the film and is not flattened to any 
great extent as a result of dehydration. The contour of its shadow indicates that 
it is shaped somewhat like a golf tee. In contrast to the tip, the dried shaft is very 
flat, as is evident from the short shadow it casts. The cross striations previously 
observed are enhanced by the metal, indicating that the surface has a regularly cor- 
rugated contour. The elevated regions correspond to the darker bands in both un- 
treated trichocysts and those stained with phosphotungstic acid. Other details of 
structure observed previously may also be found in some shadowed trichocysts. 
These are the fine longitudinal striations of the shaft membrane and the larger 
periodicity (2,200 A) frequently noted along the shaft. The latter may appear 
simply as a slight further intensification of every fourth dark band, suggesting that 
these ridges have a somewhat higher elevation than do the others. 

In some specimens the pointed tip appears regularly cross-striated, if the amount 
of metal deposited has not been excessive and the orientation of the tip is approxi- 
mately parallel to the direction of deposition. This banding has not been seen in 
either stained or unstained specimens and, while it is readily visible in the original 
micrographs of shadowed tips, it is not considered to be of sufficient clarity for re- 
production. Although relatively constant in any one tip, the spacing varied from 
280 to 365 A in the different tips measured and had an average value of about 300 A. 


This is to be compared with the average period of about 550 A in the trichocyst 
shaft. 


CILIA 


The cilia of Paramecium are shed quite readily if the cell is injured and both 
intact cilia and fragments are observed frequently in preparations of trichocysts. 
Each cilium consists of a bundle of fibrils (about eleven in number), extending the 
full length of the cilium (Fig. 3). The diameter of the dried fibrils lies between 
300 and 500 A. It may be of significance that both the number of fibrils and their 
diameter are in close agreement with the corresponding values observed in the sperm 
tails of numerous animal forms (Schmitt, Hall, and Jakus, 1943). 

In fixed preparations (for example, with OsO,), the component fibrils usually 
adhere to form a compact bundle, while in unfixed cilia they separate to a greater 
or lesser extent. They are clearly defined in shadowed specimens. Usually the 
separation of fibrils is not complete and they remain in close contact near the end of 
the cilium which was attached to the cell. Here they appear sometimes to be joined 
into two closely adjacent bundles. 

It is not evident what holds the fibrils together in the living cilium. No spiral 
sheath similar to that observed in mammalian sperm tails (Schmitt, Hall, and Jakus, 
1943) or in Euglena flagella (Brown, 1945) has been seen. If a sheath does exist, 
it must be very fragile and easily ruptured. In some cilia, a rather poorly-defined 
cross-striation has been noted, particularly in two or more adjacent fibrils. This 
striation appears to be unlike that of clearly cross-striated proteins and, if it is not 
an inherent periodicity in the fibril, it may represent the remnants of some binding 
or enveloping structure, 
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Figure 2. Trichocysts from Paramecium, shadow-cast with chromium. X 16,000. 
Figure 3. Cilium from Paramecium, shadow-cast with chromium. X 11,000. 





M. A. JAKUS AND C. E. HALL 


SUMMARY 


Electron micrographs of shadow-cast trichocysts of Paramecium show that the 
dried trichocyst shaft is flattened on the supporting film, while the pointed tip is 
apparently more resistant to collapse on dehydration. Accentuation, by the metal, 
of the cross striation previously observed in the shaft indicates that the periodicity 
is accompanied by corrugation of the dried surface. A cross striation in the tip is 
also visible in some micrographs of shadow-cast specimens. In the few cases where 
the periodicity could be measured, the average spacing was about 300 A, as com- 
pared to about 550 A for the well-defined shaft striation. 

In electron micrographs of shadow-cast specimens of Paramecium cilia, the 
component fibrils are seen with greatly increased clarity. 
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HYDROSTATIC PRESSURE EFFECTS UPON THE SPINDLE FIGURE 
AND CHROMOSOME MOVEMENT. II. EXPERIMENTS ON 
THE MEIOTIC DIVISIONS OF TRADESCANTIA 
POLLEN MOTHER CELLS 


DANIEL C. PEASE 


Department of Anatomy, the Medical School, the University of Southern California, 
Los Angeles, California 


INTRODUCTION 


Hydrostatic pressure increments are known to reduce progressively the rigidity 
of plasmagels and the viscosity of plasmasols. Eventually complete solation results. 
Marsland (1939 and 1942) has been able to formulate what appears to be a gen- 
eral quantitative law on the basis of a considerable volume of work with very di- 
verse material. He has found that with each increment of 1,000 Ibs./in.? hydro- 
static pressure, the relative rigidity or viscosity decreased to 76 per cent of the 
initial value. This applied no matter whether the cytoplasm of amoebae, Arbacia 
eggs, or Elodea was being studied. Furthermore, these direct effects have always 
proved very rapidly reversible when the pressure was released. The subsequent 
pattern of cell events, however, has sometimes been found to have been changed by 
new reorganization patterns (cf., Pease, 1940, 1941). 

In the first paper of this series (Pease, 1941), experiments were reported in 
which advantage was taken of these known effects of hydrostatic pressure to study 
the first cleavage division spindle apparatus in Urechis eggs. The material was not 
well suited for this sort of work, and some interpretations were open to question. 
However, the following facts were clear and significant. 1) Pressure could so 
affect the cell that no trace of the spindle figure appeared in the fixed preparations, 
and presumably the spindle had been completely liquified. 2) The pressures de- 
stroying the spindle blocked all anaphase movement. 3) The chromosomes ag- 
gregated in clumps (originally thought to be vesicles) under lower pressures than 
were required to block anaphase movement. 4) Numerous cytasters appeared in 
material given a brief recovery period before fixation. 5) Peculiar “half-spindles” 
developed de novo within cytasters whenever the latter came in contact with nuclear 
material. 6) By their very nature, the half-spindles lacked “continuous fibers” 
since only one pole was involved, and also there were no “interzonal fibers.” 7) 
Yet there was ample evidence that such half-spindles were functional in moving 
chromosomes, and even recently-formed nuclei with membranes were at least de- 
formed, and probably moved, by them. The role of cytoplasmic components in the 
spindle was stressed (perhaps unduly), and the role of the “traction fibers” mini- 
mized (perhaps incorrectly as will be seen later). 

To find out whether or not nuclear gels behaved in the same manner as cyto- 
plasmic gels when hydrostatic pressures were applied, the extraordinary equational 
meiotic division in Steatococcus spermatocytes has been studied in unpublished work 
by the author. In these cells the spindle is formed inside the nuclear membrane, 
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and the anaphase movement nearly completed, before the nuclear membrane dis- 
integrates. In this case, there can be no question but that the whole spindle appa- 
ratus is of nuclear derivation. It was found that sufficiently high pressures de- 
stroyed it by liquefaction, and anaphase movement was blocked. The spindle 
re-formed once more when the pressure was removed and the cells allowed a short 
recovery period. Thus the physiological action of hydrostatic pressure appears to 
be qualitatively identical in gels of nuclear and cytoplasmic origin. 

For the present work, Tradescentia pollen mother cells (PMC) were selected 
as material for several reasons. The spindle is characterized by relatively enor- 
mous “traction fibers” going to the poles from comparatively large and easily visible 
kinetochores. The cells have the advantage of a small number of chromosomes 
which are relatively large. The only important disadvantages are the impossibility 
of getting controls which necessarily divide at the same time as the experimental 
material, and the extreme difficulties (which proved insuperable with pressure tech- 
niques) of actually observing the divisions in vivo (cf., Shimakura, 1934). 

The material was collected and prepared at Stanford University, and the author 
is indebted to Dr. Reed Rollins of that institution’s botany department for technical 
advice on handling procedures and for the plants which were used. The material 
was studied mostly at Columbia University before the war interrupted the work. 
Dr. F. Schrader, Dr. S. Hughes-Schrader, and Dr. H. Ris followed its course with 
interest, enthusiasm, and valuable suggestions. Dr. C. W. Metz of the University 
of Pennsylvania also contributed excellent comments on an early draft of the 
manuscript. 


MATERIAL AND METHODS 


The half dozen Tradescantia paludosa plants used in these experiments pos- 
sessed six pairs of chromosomes. They were derived from a common stock. The 
anthers were prepared by separating the connective which joins the two lobes. One 
lobe was then fixed as a control just at the time of pressure application to the other 
lobe. The bisection of the anthers with a small lance could be accomplished easily 
without rupturing the anther lobe walls. The lobes were handled and finally 
mounted in a 7.4 gm./100 ml. saccharose (Merck, C. P.) solution which Shimakura 
(1934) has found to be isotonic with Tradescantia pollen mother cells. 

The pressure bomb used in these experiments held a half dram homeopathic vial, 
and was so designed that it could be opened very rapidly. After filling with sugar 
solution and a few anther lobes, the vial was sealed with “Parafilm” wax sheet held 
in place with a rubber band. The experimental material was always kept under the 
desired hydrostatic pressure for a one hour period. Ina few experiments the mate- 
rial was fixed 30 minutes after the release of pressure which allowed time for some 
recovery. But in most of the experiments, the pressure was released, the bomb 
opened, and the fixative added within one minute. Preliminary experiments had 
shown that there was no appreciable reorganization within that short time limit. 

Experiments were performed using 1,000 Ib. pressure increments from 1,000 to 
6,000 Ibs./in.?, and with 8,000, 10,000, and 15,000 Ibs./in.* Control experiments 
were performed giving identical treatment, but at atmospheric pressure, and at the 
relatively low pressure of 150 Ibs./in.? 

Bouin’s fixative, to which 3 per cent urea was added, was used throughout. 
For study, eight micra sections were prepared, and stained by Heidenhain’s hema- 
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toxylin method. Both mordanting and staining were prolonged (never less than 
5 hours each), and the sections were destained in saturated picric acid in such a 
fashion that considerable stain remained in the cytoplasm. There was a good deal 
of shrinkage, but the cytoplasmic differentiation (particularly of the spindle) was 
good. . 
RESULTS 

Effects upon the first division spindle 

The first division spindle was particularly sensitive to a critical hydrostatic pres- 
sure that was found to be between 4,000 and 5,000 Ibs./in.?, Even after 4,000 Ibs. 
had been applied, the spindle figures looked essentially normal. There was no re- 
duction in the length or diameter of “traction fibers” (compare Fig. 28 with Figs. 
25 and 26). However, many of the “continuous fibers” had apparently been lost 
for the net effect was a more diffuse looking spindle mass with fewer and less con- 
spicuous continuous fibers. The abnormalities of chromosome movement under 
even the lower pressures prevented any adequate study of “interzonal connections,” 
but occasional examples that looked normal have been found after 4,000 lbs. /in.? 

In striking contrast were the results after 5,000 Ibs. had been applied. The 
traction fibers were then reduced in length and in diameter so that they appeared 
as delicate structures (Fig. 30). Small numbers of faint and very thin continuous 
fibers were usually visible, although not always. Ordinarily 6,000 Ibs. pressure 
obliterated the spindle completely, but in a small fraction of the cells a fine residual 
fiber structure remained visible. Figure 31 is a photograph of the heaviest and 
most extensive fibers which have been observed in material fixed after an exposure 
to this pressure. It must be emphasized that this is an entirely atypical cell. No 
sign of continuous fibers has been seen after exposures to 8,000 lbs., and it was the 
very rare cell which showed indications of traction fibers. When visible, as in 
Figure 33 (arrows), they were thin and short. No oriented fiber structure of any 
sort was ever observed after exposures to 10,000 or 15,000 Ibs./in.* 

In summary, it can be said that the first division spindle looked essentially nor- 
mal after treatments with 4,000 lbs./in.? pressure, but was profoundly affected by 
5,000 Ibs. This demarkation was really very sharp! 


Effects upon the second division spindle 

The spindle of the second meiotic division was considerably more resistant to 
hydrostatic pressure than that of the first division. The spindles appeared nearly 
normal after 4,000 Ibs./in.* pressure, and after 6,000 Ibs. the spindles of some cells did , 
not seem to be greatly affected. After 6,000 Ibs. pressure there was a considerable 
individual variability in different cells, even within the same anther lobe. The best 
spindles were somewhat fainter than normal, and the fibers seemed generally thin- 
ner, but they sometimes extended from one pole to the other. After 8,000 Ibs. pres- 
sure there were occasionally evidences of traction and continuous fibers, although 
they were always thin and faint if present. No fiber structure was ever visible 
after pressures of 10,000 Ibs. or more. 

It thus appears that the second division spindle withstood nearly 2,000 Ibs./in.? 
more pressure than the spindle of the first division. It will appear later that the 
pressure required to block anaphase movement was similarly proportional. 





148 DANIEL C. PEASE 


It may also be noted here that there was a little evidence that the spindles of the 
somatic cells in the connective were even more resistant to pressure, and were not 
entirely destroyed unless pressures in excess of 8,000 Ibs. were applied. 


Effects upon the chromosomes—fusion 


Increasing hydrostatic pressures made the chromosomes progressively more 
“sticky” and “soft.” Chromosomes tended to aggregate in fused masses. In Fig- 
ure 27 a metaphase plate is shown, fixed just after the release of 2,000 Ibs. pressure. 
It will be noted that there are stained “bridges” connecting all of the chromosomes. 
At this low pressure, the bridges were, on the average, only slightly heavier than 
comparable bridges which could be found in controls of the proper stage. However, 
they persisted much longer than normally, well into the anaphase stages. 

When pressures of 3,000 Ibs. or more were applied, the inter-chromosomal 
bridges tended to become much thicker, and entirely out of the range of normal 
variation. Figure 32 shows such connections in a cell fixed just after the release of 
6,000 Ibs. pressure. With progressively higher pressures, there was an increasing 
tendency for the fusion of chromosomes into a single mass. This can be seen in 
Figures 33 and 34. The extreme condition was reached at 15,000 lbs./in.? when 
it was nearly always quite impossible to recognize individual chromosomes. This 
is well shown in Figure 36. 

It must be emphasized that the preceding description and the photographs are 
typical of cells to which the pressure was applied in late metaphase stages. When 
the pressure was applied to early metaphases, the chromosomes showed a much 
greater degree of fusion for corresponding pressures. Of considerable importance 
must have been the proximity of chromosomes, and probably also the initial pres- 
ence of thin connections. The existence of some movement in the low pressure 
range may have aided the process. 

Not only were metaphase chromosomes fused together by treatment with hydro- 
static pressures, but a comparable effect was observed with late diakinesis chro- 
mosomes before the nuclear membrane broke down. Here the chromosomes are 
apparently normally kept separate from one another by gel structure within the nu- 
cleus, for nucleoplasm strands showed clearly enough in fixed preparations. These 
strands continued to be visible until pressures of 6,000 or 8,000 Ibs./in.* were ap- 
plied. As long as they were present the chromosomes kept apart and did not fuse. 
After the higher pressures the strands were no longer visible, and the chromosomes 
were all in a single clump together. But, as with the metaphase chromosomes, the 
individual chromosomes did not lose their visible identity until pressures of 15,000 
"Ibs. were applied. 

At metaphase, the chromosomes were not only found fused laterally in the plane 
of the equatorial plate, but the homologous chromosomes were also fused together 
so that their separation was greatly complicated. This was very obvious when first 
division anaphases fixed just after the release of 3,000 or 4,000 Ibs. pressure were 
studied. Practically every cell showed evidences of fusion with bridges that were 
often long and massive (cf., Figs. 1-12). Such bridges always stained just as the 
chromosome proper with hematoxylin (Fig. 39), and the larger ones, at least, were 
stained by the Feulgen reaction. These bridges were frequently between homolo- 
gous chromosomes, but also commonly involved lateral fusion with non-homologous 
chromosomes. 
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Even more massive bridges were found in the second meiotic division material 
subjected to the higher pressures which still allowed a good spindle to exist. Then, 
after 6,000 Ibs./in.? pressure, most or all of the chromosomes were frequently so 
fused together that they nearly lost their visible identity. However, the mass of 
chromosomes often would be strung out from one end of the cell to the other (Fig. 
15). 

It should be noted that the chromosomes of somatic cells showed the same type 
of fusion. These have occasionally been seen in the tissue of the connective, and 
Figure 41 shows one bridge out of a total of three present in such a cell fixed just 
after the release of 4,000 Ibs. pressure. 


Effects upon the chromosomes—rounding 


It should be emphasized that all of the fusion bridges between chromosomes had 
rounded outlines. This shows well in Figures 27 and 32, and suggests a consider- 
able plasticity. 

In addition, the chromosomes as a whole tended to round up under the higher 
pressures. This was most obvious in the second division chromatids which were 
V-shaped with relatively long and thin arms. After 3,000 Ibs. pressure there was 
very little noticeable change in shape even though there might be some fusion (Fig. 
13). However, after 4,000 Ibs. there was a striking alteration. The chromatids 
were then decidedly thickened and shortened (Fig. 14). This tendency became 
more pronounced with increased pressures (Fig. 15, 6,000 Ibs.). 

The short and thick chromosomes of the first meiotic division were not as suited 
for study, but the same tendency was obviously present. Particularly after 10,000 
Ibs., when the identity of individual chromosomes could still be seen, they were de- 
cidedly shortened and rounded except at the kinetochore region (Fig. 34). 


Effects upon the chromosomes—the spindle attachment region 


The first meiotic division material gave the impression that 1,000-3,000 Ibs. /in.* 
pressure allowed a greater extension of the attachment region of the chromosomes 
than was normal (compare Fig. 26 with 25). More particularly, this region of 
some chromosomes was extended far beyond what could be found in the controls. 
The attachment region gave the impression of being unduly short in the material 
exposed to 4,000 Ibs. pressure. An attempt to measure statistical samples was de- 
cided upon. 

In Table I the mean extensions of the attachment regions of first division chro- 
mosomes are given for pressures up to 4,000 Ibs./in.?, There were, of course, real 
difficulties in measuring such small distances, but errors should have cancelled out 
in the averages. While no great reliance should be placed on the absolute values, 
they certainly indicate the general trend. 

The measurements were made with a filar micrometer. In each group, 50 meas- 
urements were made at random, excepting that only cells in anaphase were selected, 
and individual chromosomes that had not yet separated and left the metaphase plate 
were measured. The micrometer hair was moved up to a chromosome until it just 
touched the distal tip of the kinetochore (indicated by the arrows in Figs. 25 and 
26), and a reading made. Then the hair was swung across the field, and moved 
back in the other direction until the hair just touched the base of the attachment 
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stalk which was ordinarily rather well defined from the body of the chromosome by 
its relative translucency. Then a second reading was made. The difference meas- 
ured the length of the stalk plus the width of the hair in the micrometer. The hair 
width was measured in the same way in relation to a fixed point, and this value was 
subtracted from all of the measurements. The figures were then converted to micra. 
The control measurements actually used for comparison were combined from data 
upon the control anther lobes of the 1,000 and 3,000 lb. experimental material, and 
a control anther which was left mounted in the bomb for one hour before fixation, 
but without pressure. 

It is to be concluded that the mean length of the attachment stalk was definitely 
increased by pressures from 1,000 to 3,000 Ibs./in.*, and it has also been found that 
there is no overlap in the extreme extensions between control cells and experimental 
cells exposed to this pressure range. With 4,000 lbs. pressure the mean extension 
was significantly less than in the controls, and the greatest extensions found after 
this treatment did not even approach the maxima found in the controls. 


TABLE I 



























Pounds pressure Mean extension Percentage increase | Percentage overlap with 
in micra in length control mean 
control 0.85 
1,000 1.4 59.4 2 
2,000 1.2 38.6 6 
3,000 1.2 42.9 4 
4,000 0.68 —19.9 22 


The distance between the tip of the kinetochore and the base of its stalk is given in the 
second column. In the experimental series, 50 measurements were made at random, excepting 
only that early anaphase cells were selected. The control average, however, is a combined average 
of three sets of measurements upon different material. The mean percentage increases in length 
are based upon figures carried to the third decimal place. The last column gives the percentage 
of measurements which overlapped the mean of the control. 


Effects upon the chromosomes—chromonemata 


We have already seen that late prophase and metaphase chromosomes fused to- 
gether and rounded up under the influence of hydrostatic pressure. This, however, 
only applied to condensed chromosomes. Uncondensed early prophase chromo- 
somes did not seem to be affected by even the highest pressures employed. This 
agrees with the findings of Pease and Regnery (1941) who were unable to detect 
any effect of 15,000 Ibs./in.? pressure upon Drosophila salivary chromosomes which 
are similarly uncondensed. It must be admitted that no detailed study has been 
made of the early prophase chromosomes. While there was certainly no general 
clumping, it is possible that very local fusions could have been overlooked, but there 
was no indication of shortening or thickening. 

An “accidental experiment” gave further information, and additional reason for 
believing that the chromonemata were not affected by hydrostatic pressure. An 
anther lobe which had been pricked was exposed to 15,000 lbs./in.? pressure for one 
hour and was then rapidly fixed in the usual fashion. The surrounding sugar solu- 
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tion had entered the anther, and apparently was somewhat hypertonic. All of the 
cells were slightly plasmolized and had more or less swollen chromosomes. In one 
small section of the anther, conditions were such that the spiral structure was visible. 
Figures 37a and b are photographs of one of these early anaphase cells, and it is 
obvious that the spiral structure was unaffected. Oddly enough there was no tend- 
ency for the chromosomes to fuse under these circumstances. 





First division cells. Figures 1-10 are of sections from material which was fixed just after 
the release of 4,000 Ibs./in.* pressure. Figures 11 and 12 are of sections fixed just after the re- 
lease of 3,000 Ibs. pressure. The broken lines represent traction fibers except in Figure 7 where 
they represent the pathways of “continuous fibers.” All of the chromosomes visible were not 
necessarily included. 


Abnormalities of chromosome movement under pressure 


Because of the fusion of metaphase chromosomes, even by relatively low pres- 
sures, their ultimate distribution to the two spindle poles was usually very abnormal 
whenever anaphase movement took place during the pressure treatment. The par- 
ticular pattern which resulted apparently depended upon the balance between ana- 
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phase forces and the local resistances of whatever fused bridges happened to be pres- 
ent. Greater or lesser fusions might occur between homologous chromosomes and, 
laterally, between non-homologous chromosomes. Almost any conceivable vari- 
ation in the resulting pattern could be found in all degrees. Some of the more 
interesting variations which have been seen are included in Figures 1-15, which 
are also perfectly typical of material exposed to 3,000 or 4,000 Ibs. pressure. 
Homologous chromosomes might be so extensively fused that separation could 
not occur. Such pairs of chromosomes, fused as in Figure 2 in the metaphase plate 


/3. /4. /6. 


Second division cells. Figure 13 is from material fixed just after the release of 3,000 
lbs./in.? pressure; Figure 14, after 4,000 lbs. pressure; and Figure 15, after 6,000 lbs. pressure. 
Figure 16 is from recovery material, fixed 30 minutes after the release of 10,000 lbs. pressure. 
The broken lines indicate traction fibers except in the upper cell of Figure 15 in which they 
indicate the pathways of the “continuous fibers.” Not all visible chromatids were necessarily 


included 
/7 ; /8. /9. } 20 
22. 23. 24, 


Figures 17-24 are all from first division recovery material which was fixed 30 minutes after 
the release of 10,000 Ibs./in.* pressure. The broken lines indicate traction fibers. Not all visible 
chromosomes were included except in the last three figures. 
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Figure 25 is a first division early anaphase control exposed in the bomb for an hour (but 
without pressure) before fixing. Figure 26 is of a cell fixed just after the release of 2,000 
lbs./in.* pressure. Figure 27 is a metaphase plate of the same material. Figure 28 is of a cell 
fixed just after the release of 4,000 Ibs. pressure, and note the anaphase separation of the homolo- 
gous chromosomes a’ and a”. The small arrows indicate the distal ends of the kinetochores. 
The magnification of these and the following photographs is approximately 3,000 
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region, would presumably have remained there, and eventually formed micronuclei 
(Figs. 9 and 10). 

Even though there was no lateral fusion with other chromosomes, there might 
be slight differences in the forces directed towards the two poles, or possibly in the 
strength of the traction fibers going to opposite poles. An extensively fused pair 
of chromosomes might then go as a unit to one pole (Fig. 5). Then there would 
always be an abnormally long, but otherwise normal looking traction fiber (with 
full thickness) going most of the way across the cell to the other pole. 

Figures 4 and 5 show very extensive lateral fusion between non-homologous 
chromosomes. Such anaphase cells would probably have given rise to extensive 
bridges in telophase, and between daughter nuclei, such as are shown in Figures 8, 
10, and 12. 

In Figure 6 the lower member of a pair of homologous chromosomes, indicated 
by an arow, was laterally fused with a non-homologous chromosome going to the 
upper pole. Seemingly it was being carried to that pole in spite of its traction fiber 
to the other pole. 

We have already spoken of the massive bridges which characterized the second 
meiotic division material exposed to 6,000 Ibs. pressure, and which often involved 
all of the chromatids (Fig. 15). There was less fusion with lower pressures, and 
the abnormalities more nearly resembled what has just been described for the first 
division. 


The critical pressure blocking anaphase movement 


The best evidence for chromosome movement under pressure is certainly the 
presence of extensive bridging. The author sees no rational way of accounting 
for the bridges other than to suppose that anaphase movement occurred after the 
chromosomes established fusions in the metaphase plate and then pulled out the 
bridging connections. 

With this as a criterion of movement, it is possible to state that anaphase move- 
ment continued at 4,000 Ibs./in.* hydrostatic pressure in the first meiotic division, 
but was blocked by 5,000 Ibs. pressure. No extended bridge has been seen in any 
cell of this division exposed to 5,000 or more pounds pressure. Nor were there 
ever signs of asynchrony, or of directionally atypical movements. 

It must also be emphasized that abnormal division resulting from fusion charac- 
terized practically every anaphase cell exposed to 4,000 lbs. pressure. It was also 
extremely common after 3,000 Ib. treatments. Similar abnormalities appeared on 
a lesser scale after 1,000 or 2,000 Ibs., but then the separation was more frequently 
fairly normal, and characterized only by loss of division synchrony. 

In the second meiotic division very abnormal anaphase movement involving 
massive fusions took place in some cells exposed to 6,000 Ibs./in.* pressure (Fig. 
15), but none was possible at 8,000 Ibs. 

sridging has been found even after 8,000 lbs. pressure in the somatic cells of 
the connective. Figure 42 is from a somatic cell forming daughter nuclei at this 
pressure, and two out of a total of five bridges are visible in the plane of the 
photograph. 

In the meiotic divisions, at least, the presence of a good visible spindle was corre- 
lated with anaphase movement. When the spindle was obviously considerably af- 
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32. 





Figure 29 is a late anaphase cell from the same material as Figure 28 (exposed to 4,000 
lbs./in.* pressure). Figure 30 is a cell fixed just after the release of 5,000 Ibs. pressure. Fig- 
ures 31 and 32 are from material fixed just after the release of 6,000 Ibs. pressure. 
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fected there were no longer evidences of anaphase movement. This was also prob- 
ably true of the somatic cells, but they have not been carefully studied. It is clear 
that movement is most sensitive to hydrostatic pressure during the first meiotic divi- 
sion, withstands nearly 2,000 Ibs. more pressure in the second division, and seem- 
ingly about 2,000 Ibs. more in the somatic cells. This, in turn, appears due to dif- 
ferent characteristics of the spindle gels, rather than being due to differential pres- 
sure effects upon the chromosomes. For in the first and second meiotic divisions, 
and probably also in the somatic divisions, the chromosomes seemed affected equally 
by equal pressures. 


Spindle recovery after pressure release 


At the time of making these experiments the importance of the recovery stages 
was largely unsuspected, and relatively little material was gathered. But after one 
hour exposures to 10,000 and 15,000 Ibs./in.* pressures, some experimental material 
was removed from the bomb and given a 30 minute recovery period before fixing. 
Many of these cells showed excellent spindles with massive traction fibers (Fig. 38). 

Of particular interest is the fact that the traction fibers of these recovery spindles 
were de novo formations. Conclusive evidence of this was afforded by paired ho- 
mologous chromosomes (still fused as a result of the pressure treatment) which 
formed traction fibers from both kinetochores that went to the same pole. Figure 
39 is a photograph of such a condition. Figure 40a is a drawing of another ex- 
ample. Figure 40b.seems further complicated for apparently one traction fiber had 
to curve around a blocking chromosome before its direction to the “wrong” pole 
could become definitive. _In Figure 40c each traction fiber can probably be con- 
sidered as having gone to the “wrong” pole so that the original polarity of each 
chromosome was entirely reversed. 

Figures such as those described in the last paragraph were not rare, although 
out of the ordinary. They were never seen in the controls, nor is the author aware 
of similar accounts in the literature. 

Most commonly the spindle appeared to re-form nearly along its original axis 
if it is assumed that the metaphase plate was not displaced, and remained as an 
index of that polarity. The pattern thus usually seemed very nearly normal. 
However, the long axis of the new spindle was sometimes very oblique to the plate, 
and presumably to the original spindle axis. In extreme cases a 90° shift was 
indicated. 

Also, not infrequently multipolar spindles were found which were very rare in 
the control material. Three-pole spindles such as Figure 24 were fairly common, 
and a few four-pole spindles have been seen. All possible variants were seen with 
equal or very unequal poles, spaced equidistant from one another, or barely 
separated. 

These several lines of evidence all imply that the spindle was re-formed de novo, 
and was not rebuilt upon residual structure which had survived the pressure treat- 
ment and persisted to give a framework. New patterns appeared, and whatever 
molecules were involved, they were at least rearranged. 


The development of the recovery spindle 


One can select a series of cells which apparently show the different steps of 
spindle re-formation after the release of pressure. In some cells fiber structure con- 
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Figure 33 is of a cell fixed just after the release of 8,000 lbs./in.* pressure (the arrows 
indicate very faintly visible traction fibers), and Figure 34 after 10,000 lbs. pressure. Figure 35 
is of a cell fixed just after the release of 15,000 Ibs. pressure, and the orientation is thought to 
be in the plane of the original spindle axis. Figure 36 is from the same material, but sectioned 
in the plane of the metaphase plate. 
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sisted of thin fibrils tangled around the clumped chromosomes of the equatorial 
plate, and without. any polar orientation. The fiber direction was roughly circum- 
ferential to the enclosed mass of chromosomes (as in a cocoon, Fig. 44). This 
could be regarded as the first recovery stage. 

Many cells showed polarized fibers as in Figure 45a. The section of Figure 45 
is oblique to the spindle axis. The focus of Figure 45a is tangent to the slant height 
of the cone which makes up one-half of the entire spindle (the “surface” of the 
spindle, so to say). The visible fibers are the continuous fibers of the new spindle. 
Figure 45 is a lower focus of the same cell. It should be observed that there are 
no continuous fibers in the center of the cone. Instead, there are only slight indi- 
cations of traction fibers. The continuous fibers were thus largely peripheral, but 
the extensive lateral fusion of the chromosomes to make a practically solid meta- 
phase plate probably had much to do with this morphological pattern which was 
typical of recovery material. 

Traction fibers were not seen in cells without polarized continuous fibers. But 
when the latter had formed, traction fibers could usually be found. In some cells 
they would be thin and short, in others longer and more massive. Thus the trac- 
tion fibers appeared to “grow” outward directly away from the kinetochore region, 
and full thickness was not achieved: until they practically reached the poles. 

It was possible to find many minor irregularities in the developmental pattern 
of traction fibers. These resulted whenever the kinetochore pointed in some“tther 
direction than directly towards a pole. A graded series could be found, the ex- 
treme examples being when kinetochores pointed more or less to “wrong” poles. 
Invariably the base of the traction fiber extended directly away from the kinetochore, 


and it did not bend towards a pole until it became associated with continuous fibers. 
The bend would then be towards the pole less than 90° away from the initial growth 
direction even if this happened to be the “wrong” pole. It thus looked as though 
the growth direction was unimpeded until the traction fiber became associated with 
continuous fibers, and then the further extension of the traction fiber followed the 
path of least resistance in the pattern expressed by the continuous fibers. Thus the 
traction fiber even developed around obstructions as in Figure 40b. 


The fusion of traction fibers 


A very rare situation casts further light on the formation of traction fibers if 
the interpretation is correct. It was possible to find non-homologous chromosomes 
in the recovery material which appeared to be bridged across the kinetochore re- 
gions. A photograph of such a bridge is shown in Figure 43. These bridges dif- 
fered from all the other ordinary bridges which have been seen in that they were 
achromatic. Although they were short, they had exactly the appearance in the 
fixed and stained preparations that traction fibers had. They certainly gave the 
impression that they represented fused traction fibers, traction fibers which started 
to develop from each separate kinetochore in opposite directions, and which grew 
terminally into each other to fuse end to end. 

The author hesitates to emphasize these structures. The material has been 
thoroughly searched and only two good examples have been seen, plus another which 
was more questionable because overlying material partially obscured it. There 
may be good reason for their rarity, for it is obviously an exceptional situation to 
have two kinetochores pointed directly towards each other. If we accept their 
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Figure 37 is from a slightly plasmolized cell fixed just after the release of 15,000 Ibs./in.’ 
pressure (a and b are different focal levels). Figures 38-40 are from recovery material fixed 
30 minutes after the release of 10,000 Ibs. pressure. In Figure 38 note the bridge, br. In Fig- 
ures 39 and 40 de novo recovery traction fibers of fused homologous chromosomes go to the 
“wrong” pole. The direction of a pole is indicated by arrows in Figure 40. 





DANIEL 


Figure 41 is of a somatic anaphase cell fixed just after the release of 4,000 lbs./in.* pressure. 
Figure 42 is of a somatic cell forming daughter nuclei, fixed just after the release of 8,000 Ibs. 
pressure. Figure 43 is from recovery material fixed 30 minutes after the release of 10,000 Ibs. 
pressure, and shows achromatic bridging between non-homologous chromosomes (fused trac- 
tion fibers?). Figure 44 shows an early stage of spindle recovery in material fixed 30 minutes 
after the release of 10,000 Ibs. pressure. Figure 45 is from the same material, but spindle re- 
covery is more advanced (a and »b are different focal levels of the same cell). 
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reality and the above interpretation, however, the implications are of considerable 
interest, for it means that developing fibers can mutually terminalize each other. 
Yet there is no effect as far as lateral growth is concerned, and the fibers thicken 
as normally. There is simply no growing end left. We can say that fibers extend 
by terminal additions rather than from the kinetochore, or by elongation from 
within their length. 

Having gone this far, we can make another deduction as to the role of the 
kinetochore in traction fiber formation. We can regard it as an “organizing center” 
which initiates linear extension and controls fiber diameter. The linear gowth is 
self perpetuating once started until the fiber reaches a pole, or is terminalized as 
above. The fiber thickens, by further organization at the kinetochore, and additional 
linear growth parallel to the initially thin fiber, thus adding enclosing layers. The 
final fiber has a thickness equal to the diameter of the organizing center. The au- 
thor reiterates that this hypothesis has a slender experimental basis, and depends 
upon a correct interpretation of three figures. 



















Chromosome movement in recovery material 





There were obvious indications of chromosome movement in recovery material 
after the spindles re-formed. The movement was abnormal because of strong and 
persistent fusion bridges, and’in many ways resembled the anaphase movement 
which occurred under low pressures (3,000 and 4,000 Ibs.). 

Frequently fused pairs of homologous chromosomes were found going to, or 
after they had reached, a single pole as in Figures 38 and 17. In such cases one 
traction fiber extended all the way across the cell to the other pole but seemed to 
be of normal thickness. This type of movement often seemed to be aided by lateral 
fusion with non-homologous chromosomes as in Figures 18 and 21. Less fre- 
quently the fusion between homologous chromosomes was relatively slight, and there 
would be a partial separation with the formation of more or less long and thin bridges 
(Figs. 19, 20, and 38, br.). Quite frequently very massive bridges were formed 
involving most if not all of the chromosomes which would be fused together (Figs. 
22 and 23). There were no important differences between first and second meiotic 
division cells (note Fig. 16). 

None of the material was allowed a sufficient recovery period so that daughter 
nuclei formed in cells which began their anaphase movement after the application 
of pressure. It can be presumed, however, that many of the cells would form only 
a single nucleus because of an inability on the part of the chromosomes to separate. 
Other cells would be expected to form bridged nuclei, and probably multiple 
micronuclei.” 




















Chromosome structure in recovery material 


The persistence of chromosome fusion in the recovery material would seem to 
suggest just one possibility—that the initial fusion under high pressure must have 
been due to at least a partial liquefaction of some chromosomal element, and that 
the fusion bridges then gelled when the pressure was released. In the recovery 
material the chromosomes were thus stuck together by very viscous bridges. After 
examining a great deal of material, the author is of the opinion that it is very doubt- 








1 Pease (1941) definitely found this to be the case in Urechis eggs. 
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ful that fused chromosomes were ever able to separate completely before the forma- 
tion of daughter nuclei. Most commonly there were few signs of any separation, 
but even in extreme cases, thin and very long bridges persisted as in Figures 19 
and 20. The moderately thick bridges, at least, stained with Feulgen. 

There is another, and much more puzzling, aspect of chromosome structure 
which is brought to light by a study of the recovery material. Even after the re- 
lease of 15,000 Ibs./in.? pressure (which resulted in the very complete fusion of the 
chromosomes as in Figure 36) the chromosomes regained their visible identity and 
their approximately normal shape. This tendency can be seen (in 10,000 Ibs. mate- 
rial) by comparing Figure 38 with Figure 34, but it is best seen by comparing the 
long chromatids of the second meiotic division (compare Fig. 16 with Figs. 14 and 
15). In regaining the normal shape, the fusion areas must necessarily have been 
reduced in cross-section, and it is likely that some fusion bridges were lost entirely 
during this change. The effects of this change were best demonstrated by the sepa- 
ration of the second division chromatids in material recovering from 10,000 Ibs. 
pressure. Extensive separation sometimes occurred, thus differing in degree from 
the first division. Figure 16 gives an indication of typical difficulties which were 
essentially the same as in the first division. 


Absolute pressure and recovery rate 


In Urechis egg material Pease (1941) found that the rate of recovery was 
roughly proportional to the absolute pressure which had been applied. In the 
Tradescantia PMC material we can only compare the effects of 10,000 and 15,000 


lbs./in.? pressures. Comparison is subjective, but there was not the slightest doubt 
but that the cells subjected to 10,000 Ibs. pressure showed a much greater amount 
of recovery of the spindle elements in 30 minutes than the cells exposed to 15,000 
Ibs. showed in the same length of time. Fully developed new spindles were only 
rarely found in the 15,000 Ib. material, but were common in the 10,000 Ib. mate- 
rial. In both, however, the chromosomes had regained their visible identity and 
approximately normal shapes. 


CoNCLUSIONS 


A single hypothesis readily accounts for most of the manifold effects of hydro- 
static pressure upon spindle, chromosomes, and anaphase movement. This sup- 
poses that increasing hydrostatic pressures progressively reduce gel rigidity, with 
liquefaction as the end result. Conversely, after the release of pressure, conditions 
return to a state such that gel structures can be re-formed once more. There is, 
of course, an excellent experimental background for this thesis, particularly in so 
far as it applies to cytoplasmic systems. This has been indicated in the introduction, 
and has been outlined at greater length in the first paper of this series (Pease, 1941). 

It is, however, unfortunate that this work depends upon an interpretation of 
fixed material. However, we have every reason for believing that the presence of 
good fiber structures in such material is a good index of oriented gel structure in 
life. It is only on that assumption that a comprehensive pattern appears, consistent 
throughout its details. It is true that whenever we have contributory evidence of 
liquefaction (such as a block of anaphase movement), we-do not find fiber struc- 
tures in the cytological niaterial. Apparently extensive fiber structures are only 
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precipitated by fixation agents when molecules are at least organized into an oriented 
pattern and probably also concentrated in a gel. 


Spindle structure and formation 


In view of the above considerations, it is not surprising to find that the spindle 
no longer appears in cytological preparations after a critical pressure has been ap- 
plied before fixation. This is to be interpreted as indicating a liquefaction of pre- 
existing gel structures, with a consequent loss of molecular organization. 

It has been demonstrated that the pattern of the recovery spindle can be very 
different from that of the original spindle. High hydrostatic pressure seems able 
to break down the oriented structure of the original spindle so completely that it 
re-forms de novo, and sometimes with a new polarity. In the re-formation of the 
spindle much the same protoplasmic material may well be used, but the unit mole- 
cules or micells are rearranged in a different manner, just as a pile of second-hand 
bricks might be rearranged to build a new house. This conclusion can probably be 
accepted as a generalization for it agrees with the findings in Urechis eggs which, 
in their formation of “half spindles,” were even more striking (Pease, 1941), with 
certain other observations on cytoplasmic systems (cf., Pease, 1940), and with gen- 
eral theory. 

It is not clear just what does orient the new spindle axis in Tradescantia PMC, 
Cytasters accomplished this end in Urechis eggs, and obviously played the impor- 
tant role. These were never observed in the PMC material. Instead, we find a 
strong tendency for the new axis to coincide more or less with the original. The 
recovery spindle encountered one unusual difficulty in its organization in that the 
chromosomes were no longer completely separate entities. After the higher pres- 
sures there was usually a continuous plate of fused chromosomes in the equatorial 
region. Continuous fibers did not, indeed could not, penetrate this obstruction. 
However, note that homologues were not even found as half spindle components. 
Continuous fibers were only found sweeping around the blocking mass leaving the 
core of the spindle devoid of visible oriented structure except for traction fibers. 
Apparently, therefore, the continuous fibers are entirely a product of the cytoplasm, 
and are not directly related to the chromosomes. The latter, in fact, are obstacles 
to be by-passed. This does not, however, preclude the possibility of a generalized 
interaction between chromosomes and cytoplasm in that the former may “activate” 
the latter to form gel structures. Such an “activation” was quite definitely shown 
by Urechis eggs recovering from the effects of hydrostatic pressure (Pease, 1941). 
A more accurate interpretation might be not to stress the continuous fibers as such, 
but to consider them simply as an index of a more fundamental structural organiza- 
tion of molecules. They thus may signify nothing more than the basic pattern of 
an extensive gel framework. 

On the other hand, the kinetochore apparently quite specifically “organizes” the 
protoplasm to form the attached traction fiber. This process is partially separable 
from the development of continuous fibers. We have good reason for believing 
that developing traction fibers simply follow. the path of least resistance in the struc- 
tural pattern of the bulk of the spindle, which, in turn, is expressed by the distribu- 
tion of the continuous fibers. Thus the structural pattern of the body of the spindle 
limits the course taken by the traction fibers as they develop outwards away from 
the kinetochores. It seems likely that this is a progressive wave of molecular or- 
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ganization. This view is quite similar to that of Schrader (1932), although based 
upon different evidence. However, it is fundamentally distinct from that of Belar 
(1929) who supposed a very different relationship between traction and continuous 
fiber. Further tentative conclusions on the growth of traction fibers have already 
been given in describing the experimental results. 

The extension of the attachment region in chromosomes subjected to relatively 
low pressures indicates a real pull by or through the traction fibers. It is almost 
impossible to imagine that it could be due to “repulsive forces” between the kineto- 
chores for, if that was so, the extension should continue to increase with progres- 
sively higher pressures which further soften the chromosomes. Instead, we find the 
extension to be subnormal while we still have evidence of traction fibers and ana- 
phase movement (at 4,000 Ibs. in the first meiotic division). Our conclusion, then, 
is that the traction fiber is a reasonably stiff gel. No doubt it progressively loses 
rigidity with increasing pressure, but it has a margin of strength, and there is no 
important weakness until a pressure threshold is passed. The extension of the 
attachment stalk is therefore thought due to a pressure effect upon the chromosome 
itself so that it is softened, and can be unduly pulled out. The subnormal exten- 
sion at 4,000 Ibs. indicates a significant weakness of either the traction fiber or 
available force. It is interesting for comparison that the centrifuging experiments 
of Shimamura (1940) with comparable material (Lilimm PMC) also lead to the 
conclusion that the traction fiber is a fairly stiff gelled structure. The latter’s 
work seems to the author to be quite conclusive. 


Chromosome structure 


It seems obvious that some portion of the condensed chromosome tends to be 
softened, and finally liquefied, by hydrostatic pressures. Since there was no ap- 
parent effect upon uncondensed chromosomes, or upon the spirally coiled chro- 
monemata, the portion affected would seem to be the “matrix” (no morphologically 
separable “sheath” is visible, and presumably more than a sheath would be involved 
when the attachment region is extended ) .” 

A critical analysis of the data, however, discloses some relationships that cannot 
yet be interpreted with any assurance of certainty. The normal presence of an at- 
tachment stalk, and its further extension under relatively low pressures, suggests 
that the rigidity of the matrix is normally low, but is further reduced by pressure. 
One might suppose it to be viscous rather than a stiff gel. While the spindle gels 
are liquefied by moderate pressures, the matrix is not entirely liquefied until pres- 
sures of about 15,000 lbs./in.? are applied when the chromosomes so fuse that they 
lose their visible identity. Thus a structural viscosity appears to persist and with- 
stand very considerable pressures. 

It is a fair assumption that the spindle gels obey Marsland’s (1939) law, so that 
their rigidity is reduced 24 per cent by each pressure increment of 1,000 lbs./in.? 
Liquefaction then occurs at a critical pressure, when gel linkages tend to break more 


2 In the first paper of this series (Pease, 1941) chromosome aggregation was described in 
Urechis eggs subjected to hydrostatic pressure. The cytological appearance suggested that a 
“sheath” was involved in this fusion rather than the matrix. The Urechis chromosomes were 
so small, though, that the details were not visible. In view of the present work it seems more 
likely that the matrix as a whole was involved. 
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rapidly than they can be formed. Whereas we can probably apply Marsland’s law 
to the spindle gels, it does not seem applicable to the chromosome matrix, unless we 
assume that the matrix material has a much lower pressure/rigidity constant than 
cytoplasmic or spindle gels, i.e., much less than 24 per cent per 1,000 Ibs./in.’ 
That other different gels in vitro do, in fact, have different constants has been dem- 
onstrated by Marsland and Brown (1942). 

There is yet another aspect of chromosome structure to be considered. Why is 
it that with increasing pressures we find chromosomes rounding up and tending to 
fuse into a single mass? This looks like an interfacial phenomenon to be explained 
on the basis of surface tension laws. We do not observe this with uncondensed 
chromosomes. The author does not see how these and related observations can 
be explained except by the assumption that a true interface does exist between con- 
densed chromosome and surrounding protoplasm (cf., Hirschler, 1942). Many 
workers do not believe that there is an osmotically active membrane separating 
chromosome from protoplasm, although this could explain many of the observa- 
tions of chromosome swelling. However, a real interfacial boundary would not 
necessarily imply an osmotically active system. 

In any case, it can be presumed safely that any intracellular interface would exert 
only a very low tension, certainly not more than a fraction of a dyne, or the very 
few dynes, that have invariably been recorded for water/cell interfaces, or intra- 
cellular oil/protoplasm interfaces (cf., Harvey and Shapiro, 1934 and Harvey and 
Schoepfie, 1939). The presence and properties of dissolved proteins would always 
prevent high values. Thus any interfacial tension at the surface of a chromosome 
would be so low that complete rounding of the aspherical shape would occur only 
when both chromosome and surrounding protoplasm were essentially fluid, and 
practically without structural viscosity. It is only at a pressure of about 15,000 
lbs./in.* that the observed effect indicates these conditions as being nearly fulfilled. 


The spindle in chromosome movement 


It has already been pointed out that there is a direct and definite correlation be- 
tween anaphase movement and the presence of a good visible spindle. Hence, our 
outstanding conclusion is that the presence of gel structure in a spindle is essential 
for anaphase movement. When the gel rigidity is sufficiently reduced, the move- 
ment necessarily ceases. Other types of experimentation have less directly led to 
the same conclusion (cf., particularly the work of von Mollendorff, 1938 and 1939, 
on the specific effects of chemical agents). On the other hand, hypotheses involving 
attractive or repulsive forces are well nigh incompatible with the results. It is 
hard to imagine hydrostatic pressure affecting such forces, particularly in the low 
pressure range. Under pressure, with conditions of reduced viscosity, the chro- 
mosomes should move apart all the more rapidly and easily if such forces were in- 
volved. Furthermore, since Marsland’s law relating pressure and viscosity ex- 
presses a logarithmic relationship, the effect should be most noticeable in the low 
pressure range. Obviously this is in direct disagreement with the present findings. 

But what is the role of gel structure in anaphase movement? Certainly there 
are at least two separable structures to be considered—the traction fibers and the 
spindle mass. 

Considering the traction fibers first, Cornman (1944) in a thought-provoking 
review comes to the conclusion that they are contractile structures and supply the 
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force for movement. However, Cornman ignores one major difficulty in his other- 
wise excellent analysis. No one has yet been able to demonstrate that traction 
fibers thicken as they shorten, although this would be expected if we were dealing 
with contractile bodies. The author has certainly seen no evidence of this in his 
own preparations, nor has he been able to observe the converse of any visible thin- 
ning when a traction fiber was extended all the way across the cell from one pole 
to the other. We, therefore, seem to require a different explanation. 

It is the author’s thought that Schrader (1932) was correct in regarding trac- 
tion fibers as being no more than passively semi-elastic structures. This has been 
given excellent experimental foundation by Ris (1943) who has been able to meas- 
ure directly anaphase movement in living cells (insect spermatogonia and spermato- 
cytes). In some cases he has demonstrated that anaphase movement is very defi- 
nitely a two step process. The first, relatively rapid movement can be explained 
as due to the release of elastic tension so that the traction fibers do actually shorten. 
The remaining movement is then due to the spindle mass, with the traction fibers 
serving simply as passive connections to the chromosomes. Lewis (1939) pro- 
duced an accelerated motion picture of dividing fibroblasts in vitro which beauti- 
fully showed the same phenomenon, although he has not commented upon it. 

A general hypothesis of anaphase movement can be advanced on the assumption 
that the traction fiber is anchored at one end to the chromosome, and along some of 
its length to the larger gelled mass of the spindle which, in turn, is in motion. Thus 
it is simply a more or less elastic connection from the spindle body to the chromo- 
some—a rope, so to say, between the machine and the load. This interpretation 
forces our attention to the body of the spindle. 

The analysis of anaphase movement by Belar (1929) does much to delimit the 
problem, even though we cannot accept his general hypothesis. He demonstrated 
that it was impossible to account for the total movement on the basis of simple 
swelling or elongation of the main spindle mass (or, more specifically, the Stemm- 
koérper). There is, however, an obvious way to avoid the difficulties outlined by 
Belar (other than his own solution), and still be consistent with his findings and 
other knowledge. 

It is proposed that motion and force may be imparted to the spindle mass by 
means of two phase transformations. The postulate supposes that gel material is 
added either in the interzonal region* or along the greater part of the spindle, 
while a proportional solation occurs at the poles. Thus a material circulation is 
established, but a circulation by means of sol-gel-sol transformations rather than 
within a single phase. Actually a somewhat comparable idea has been proposed 
by Wassermann (1929 and 1939). Such an idea would be regarded by many as 
entirely too speculative, and not subject to either proof or disproof. The author, 
however, wishes to point out some comparable effects which are not likely to be 
known to most cytologists. 

Dan et al. (1938 and 1940) discovered a remarkable phenomenon in dividing 
sea urchin eggs. After the furrow completes its intrusion, an entirely new region 
of gelled cortex is added in the center of the furrow region as the original cortical 


8 Note that Schmidt (1939) did not find birefringence with polarized light in the mid-region 
of sea urchin egg spindles, and that Shimamura (1940) found this to be the “weak” region in 
centrifuging experiments upon Lilium PMC. 
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material backs out. Pease (1943) calculated that this de novo cortex came to cover 
about 11 per cent of the cell surface. This gel growth is obviously analogous to a 
system that could very well work within a spindle. 

Since the advent of hydrostatic pressure techniques, it has also become clear 
that all sorts of other cell processes involving movement are dependent upon gel 
structure. Thus amoeboid movement, cyclosis, streaming, cytoplasmic division, 
the movement of pigment granules, and the pole cell nuclei of Drosophila eggs, and 
even sperm penetration both through the egg surface and also to their final central 
position all cease (reversibly) when the gel is liquefied. All of these movements 
depend upon the rather unexpected, and admittedly little understood, properties of 
protoplasmic gels. Obviously the gel rearranges itself, and is itself in motion (cf., 
the review of Marsland, 1942). No doubt gel-sol transformations are usually if 
not always involved along with the rearrangement. Thus we do find empirically 
a common denominator for all movements other than such specialized activities as 
muscle contraction and ciliary motion. The author believes that a general theory 
of anaphase movement is in sight, and that it will come from a better physico- 
chemical understanding of protoplasmic gel-sol systems. , 


SUMMARY 


Hydrostatic pressures have been applied to Tradescantia pollen mother cells as 
a technique for studying the structure of division spindles and chromosomes and 
the mechanics of anaphase movement. The procedure has given pertinent informa- 
tion by virtue of the fact that increasing pressures progressively reduce gel rigidity. 
Sufficiently high pressure results in liquefaction. Yet the effects are reversible. 


The spindle of the first meiotic division was but slightly affected by 4,000 
lbs./in.? pressure, yet was mostly liquefied by 5,000 Ibs. The spindle of the second 
meiotic division withstood about 2,000 Ibs. more pressure. The somatic cells were 
even more resistant. 

Condensed chromosomes were significantly softened by even 1,000 Ibs./in.? 
pressure as indicated by an undue elongation of the kinetochore stalk. Fusion 
bridges became particularly obvious when 3,000 Ibs. was applied. Significant short- 
ening and rounding occurred at 4,000 Ibs. Total fusion and rounding, indicating 
complete liquefaction of the matrix, did not occur until pressures of 15,000 Ibs./in.* 
were applied. The fusion and rounding appeared to be a surface tension effect, and 
suggested the existence of a true interfacial membrane between condensed chromo- 
some and cytoplasm. Not even these highest pressures, however, affected the un- 
condensed prophase chromosomes so that the effect of pressure was thought to be 
only upon the matrix material. 

Chromosome movement was limited to those pressures which did not liquefy 
the spindle. The presence of fusion bridges, however, resulted in very abnormal 
movement. 

After the release of high pressures, spindles re-formed. That these were de 
novo structures was indicated by their sometimes abnormal orientation, by the fre- 
quency of multipolar spindles, and by abnormalities in the course of traction fibers. 
Thus, the traction fibers of two homologous chromosomes might go to a single 
pole. Abnormalities made it seem likely that the growth of traction fibers was in 
a large measure independent of the growth of the body of the spindle. The direc- 
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tion of growth of the traction fiber was not specifically oriented until it reached the 
oriented bulk of the spindle. 

Chromosome movement in recovery material was abnormal in that the fusion 
bridges persisted. Thus the chromosome matrix which had been liquefied, had 
become highly viscous once more. Under such circumstances, homologous chromo- 
somes frequently went to a single pole, and the traction fiber to the other pole ex- 
tended all the way across the cell. However, such traction fibers were not thinner 


than normal. 

The outstanding conclusion is that a gel structure in the spindle is essentiak for 
anaphase movement. The traction fiber apparently serves as nothing more than 
a semi-elastic connection between the chromosome and the main mass of the spindle 
which, in turn, is in motion. It is suggested that motion and force is imparted by 
means of sol-gel-sol transformations, with gel being added to the central bulk of the 
spindle while a proportional solation goes on at the poles. 
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INTRODUCTION 


It was demonstrated by Brown (1933) that sea-water extracts of the crustacean 
central nervous organs contained material having a definite and characteristic effect 
upon certain chromatophores of the body. The nervous organs were the only tis- 
sues of the body other than the eyestalks, with their included sinus glands, that 
yielded such a chromatophorotropically active substance, thus suggesting that the 
former possibly contained a source or sources of normal, color-changing hormonal 
material. In the shrimp, Palaemonetes, injection of extracts of the nervous system 
were shown to bring about a rapid blanching of dark-colored specimens through 
concentration of the red and yellow pigments within the chromatophores, an action 
similar to that which could be induced by extracts of the sinus gland of the eyestalk. 

Similar activity of the nervous system was described by Hosoi (1934) for 
Penaeus japonicus and by Hanstrém (1937) for Penaeus brasiliensis. Knowles 
(1939) found that extracts of the central nervous system of Leander adspersus 
caused concentration of the white pigment within that species. Concentration of 
white pigment by extracts of central nervous system was also reported for Cambarus 
by Brown and Meglitsch (1940) who worked with the chromatophores in isolated 
pieces of integument. Sinus gland extracts had an antagonistic action upon this 
pigment, thus proving that the sinus glands and nervous system did not yield exclu- 
sively identical chromatophorotropic substances. 

Evidence that the central nervous organs contained sources of hormones nor- 
mally involved in the adaptive color-changes of Palaemonetes was presented by 
Brown (1935) who found that any vigorous stimulation of the cut ends of the optic 
nerves in darkened eyestalkless specimens would induce a blanching characteristic 
of that following injection of extracts of central nervous organs. Koller (1930) 
had also observed comparable responses of eyestalkless Crago but did not at that 
time consider the central nervous organs to be a source of the active material. 

More convincing evidence for the production of a normal chromatophorotropic 
hormone in the crustacean nervous system was presented by Brown and Ederstrom 
(1940). Their observations concerned the reactions of the particularly sensitive 
melanophores in the telson and uropods of the shrimp, Crago. Amputation of the 
eyestalks of a white-adapted animal brought about, within 3-6 minutes, a complete 
dispersion of black pigment in the melanophores giving the animal a “black-tailed” 
appearance. The condition persisted for about an hour whereupon the pigment re- 
turned to its former concentrated state, the latter condition typically lasting for 
several days. Brown and Ederstrom found that the black pigment could be caused 
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to disperse again by stimulation of the eyestubs or by the injection of extracts of 
the circumoesophageal connectives. Upon more extensive experimentation they 
concluded that the mid-region of the connectives, including the connective ganglia, 
contained the origin of the Crago tail-darkening hormone (CDH) involved here. 
The results of these investigators were confirmed and extended when Brown and 
Wulff (1941) gave evidence for a second chromatophorotropic principle within the 
central nervous system, namely a Crago body-lightening hormone (CBLH) by de- 
scribing that strong stimulation of the eyestubs simultaneously darkened the telson 
and uropods and lightened the remainder of the body, an action duplicated by in- 
jection of extracts of the central nervous system as a whole. It was shown that 
these two actions were due to two separable principles in that injection of ethyl- 
alcohol extracts of the nervous system gave only .body-lightening action, the tail- 
darkening principle remaining in the alcohol-insoluble residue, and, that mild stimu- 
lation of the eyestubs of eyestalkless animals produced both tail-darkening and 
hody-darkening. Brown and Wulff speculated that CDH was, in the absence of 
CBLH, a general body-darkening principle. This hypothesis was more specifically 
set forth and given experimental support by Brown (1946) who clearly demon- 
strated the source of this darkening principle to lie, not in the circumoesophageal 
connectives proper, but in the minute tritocerebral commissure interconnecting the 
connectives immediately posterior to the oesophagus. Injection of sea-water ex- 
tract of this commissure in various experiments produced in every case tail- 
darkening but various degrees of either body-lightening or body-darkening. The 
variable effects upon the body seemed reasonably explained in terms of varying 
concentrations of an antagonistic body-lightening principle. 

In the following experiments a survey was made of the effects of sea-water ex- 
tracts of the central nervous systems of thirteen species of higher crustaceans repre- 
senting the /sopoda, Natantia, Astacura, Anomura, and Brachyura upon Crago 
color-change. The distribution of both the Crago tail-darkening hormone, CDH, 
and the Crago body-lightening hormone, CBLH, was considered. We have con- 
cerned ourselves primarily with the presence or absence of each substance within 
the central nervous systems and, when the hormones are present in a particular 
species, with a survey of the relative concentrations of the principles within the 
parts containing the hormone in question. 


EXPERIMENTS AND RESULTS 


The experiments to determine the distribution of CDH and CBLH were con- 
ducted in the following manner. Animals for use in assaying the concentration 
of active principles in extracts of nervous tissue were first prepared. The eyestalks 
of a number of Crago septemspinosus, ranging from 3-6 cm. in length, were ampu- 
tated by means of a sharp scalpel and the eyestubs cauterized with an electric cautery 
needle. No animals were used for assay purposes until at least twelve hours fol- 
lowing this operation, at which time they could best be described as possessing 
mottled black and white bodies and light telson and uropods (see Fig. 14, control). 

A relatively simple but effective method was used in the preparation of central- 
nervous-system extracts. The donor of the nervous tissue first had eyestalks re- 
moved and stubs cauterized in the same manner as described above for Crago. The 
dorsal portion of the exoskeleton was then cut away. After removing surrounding 
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viscera and muscles the nervous organs were removed under a dissecting micro- 
scope by carefully severing the nerves about the brain, thoracic and abdominal cords 
and gently lifting the entire system out of the animal. Particular caution was ob- 
served in the removal of the circumoesophageal connectives so as to prevent any 
damage to the tritocerebral commissure. The nervous system was then placed in 
a watchglass containing a small amount of sea-water and divided by means of a 
sharp scalpel into the desired portions which usually comprised brain, connectives, 


thoracic cord, and abdominal cord. 


B 


Figure 1. A. Darkening of eyestalkless Crago following injection of a sea-water extract 
of the abdominal nerve cord of Homarus (conc. =1 cord/0.5 ml. sea-water). The two speci- 
mens on the left are two uninjected ones used for a control. The injections for the animals on 
the right were made 15 min. before the photographs were made. B. Lightening of eyestalkless 
Crago following injection of a sea-water extract of the circumoesophageal connectives of Uca 
(conc. = 3 pr. conn. to 0.2 ml. sea-water). The two specimens on the right were injected 8 
minutes before the photographs were made. 
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Following this procedure the organs were transferred to individual glass mortars 
where excess sea-water was removed and’ the tissues allowed to dry partially. The 
tissue was then triturated with a measured amount of sea-water varying in quantity 
with the different species from 0.1-0.5 cc. per portion depending upon the size of 
the nervous system as a whole. In some cases, such as that of Jdothea, it was 
necessary to use the parts of several nervous systems in the preparation of each 
extract in order to obtain adequate concentration and amount for assay. All ex- 
tracts were centrifuged for three minutes at approximately 3,500 R.P.M. and the 
supernatant liquid of each injected into the dorsal musculature of the abdomen of 
at least two test-animals prepared as described above. The amount of extract in- 
jected into each varied with the size of the test-animal, but was normally between 


TABLE | 


Responses of eyestalkless Crago to injection of extracts of various portions of the central nervous system 
of other crustaceans. No. of cases signifies the number of donors 
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0.025 and 0.04 cc. Sea-water injected or uninjected controls were observed simul- 
taneously with all test-animals. 

Observations of the color changes in both body and tail were taken at five- 
minute intervals up to fifteen minutes and at fifteen-minute intervals thereafter. 
The degree of darkness of the tail or body was described within the range, + 1 to 
+ 4, the number + 4 representing the maximum extent of darkening and the num- 
ber + 1, the minimum observable one. In a similar manner body-lightening was 
indicated by the range, — 1 to — 4, with — 4 denoting the greatest extent of body- 
lightening. Final results for a number of experiments were averaged and are pre- 
sented in tabular form in Table I. These results have been further analyzed so as 
to present the distribution of CDH and CBLH within the central nervous system 
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of each of the species considered (see Tables II and III). In these tables, the 
relative distribution of activity of the hormones is calculated for the various portions 
of the nervous system for each species. 

This was done as follows. The average values of the chromatophores at 5, 10, 
15, and 30 minutes following extract-injection were of themselves averaged. Then 
for Table II the portion of the nervous system producing maximum darkening was 


TABLE II 


The quantitative distribution of CDH activity within the central nervous systems of a number of 
crustaceans. The region of maximum activity is arbitrarily given the value 1.00. It is important to 
note that each portion of the nervous system, regardless of size, is extracted in an equal volume of sea- 
water, and the relative concentrations of the principles investigated are expressed solely in terms of their 
activities. This note applies equally to Table III. 


: . Thoracic |Abdominal 
Classification Species or genus cord cord 


Isopoda Idothea baltica ‘ j 1.00 1.00 
Decapoda 
Natantia Crago septemspinosus a 0.22 0.21 


Palaemonetes vulgaris , 0.97 0.98 
Reptantia 
Astacura Homarus americanus : y 0.61 0.53 


Cambarus virilis | 0. | 0.94 


Anomura Upogebia affinis ‘ | y | 0.80 


Pagurus sp. ‘ 1.00 











Emerita talpoidea 1.00 


Brachyura 
Oxyrhyncha Libinia sp. 


Brachyrhyncha | Cancer irroratus 
Carcinides maenas 


Ovalipes ocellatus 





Uca pugilator 





arbitrarily given the value 1.00, the activity of the other parts being expressed in 
terms of simple proportions of this. For Table III the part showing maximum 
lightening was given the value — 1.00 with the activity of other parts similarly ex- 
pressed proportionately. The positive values in the latter table obviously indicate 
darkening rather than lightening. 

Within the single species of Jsopoda investigated, Jdothea baltica, there appears 
to be roughly a uniform distribution of CDH throughout the central nervous sys- 
tem, all organs darkening the telson and uropods of Crago to approximately the 
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same degree. Great variations in distribution of the hormones occur among the 
decapods. The Natantian, Crago apparently possesses significant CDH activity only 
in the regions of the circumoesophageal connectives. CDH is differentially distrib- 
uted throughout the central nervous system of the anomurans with highest quantity 
usually in the posterior region of the thoracic cord, is relatively uniformly distributed 
within the central nervous system of the astacurans and Palaemonetes, and is en- 
tirely absent within that of the brachyurans. 

The quantitative distribution of CBLH was considered here solely within the 
reptantian nervous system, although it is known to be present throughout the cen- 
tral nervous system of the natantians (Brown and Wulff, 1941). Both the anomu- 
rans and brachyurans show wide distribution of this principle throughout brain, 


TABLE III 


The quantitative distribution of CBLH activity within the central nervous systems of a number 
of crustaceans. The region of maximum body-lightening is arbitrarily assigned the value — 1.00. 
The + values indicate body-darkening. 


: ; | . ; Connec- Thoracic |Abdominal 
Classification Species or genus Brain tives cord cord 


Isopoda Idothea baltica pres. pres. pres. pres. 


Decapoda 
Natantia Crago septemspinosus pres. pres. pres. 
Palaemonetes vulgaris pres. pres. pres. 


Reptantia 
Astacura Homarus americanus +2.40 — 1.00 +2.20 
Cambarus virilis +1.09 —0.73 — 1.00 

Anomura Upogebia affinis — 0.64 —1.00 | +0.27 
Pagurus sp. —0.92 —0.85 | —1.00 

Emerita talpoidea —1.00 | —0.86 | —0.57 


Brachyura 
Oxyrhyncha Libinia sp. — 1.00 — 0.67 —0.71 
Brachyrhyncha | Cancer irroratus pres. pres. pres. 

Carcinides maenas pres. pres. pres. 
Ovalipes ocellatus pres. pres. pres. 
Uca pugilator pres. pres. pres. 





connectives, and thoracic cord. However, a striking feature is noted in the asta- 
curans and the natantian, Palaemonetes, in which a darkening (see Fig. 14), as well 
as a lightening, of the body occurs. 

The two species of astacurans with which we have concerned ourselves more or 
less parallel one another with respect to the distribution of CDH. In Homarus and 
Cambarus the region of greatest quantity of this principle is the brain, and is fol- 
lowed by an apparent gradual diminution of the substance from anterior to posterior 
within the nervous system. The problem of CBLH distribution seems somewhat 
more complex since, as has been previously mentioned, certain of these nervous- 
system extracts appear to produce body-darkening preceded by a body-lightening. 
The abdominal-cord extract is particularly active in body-darkening and only the 
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connectives and thoracic cords of Homarus and Cambarus show any body-lightening 
activity at all. In‘these cases where body-lightening is indicated, the lightening 
persists for only a short time and is followed by a definite darkening. These ob- 
servations suggest that the body-darkening activity observable for extracts of the 
astacuran central nervous system is explainable in terms of CDH. It is significant 
that in no case is body-darkening ever obtained from a portion of the nervous 
system lacking tail-darkening activity. However, since there is no essential direct 
correlation between the degree of tail-darkening and the degree of body-darkening 
even within a single species, the observed results must be the consequences of vary- 
ing proportions of the two principles within the extracts, with the degree of influ- 
ence of either one being a function of its relative concentration at any given instant. 

There are significant differences in the distribution of CDH within the group 
of anomurans. Pagurus and Emerita exhibit similar tail-darkening activities and 
these are shown chiefly by thoracic cord extracts. On the other hand, extracts of 


TABLE IV 


The responses of eyestalkless Crago to injections of extracts of parts of the thoracic cord of some 
anomurans, showing the differing distributions of CBLH and CDH activity. No. of cases signifies 
number of donors. 


Body-lightening © or 
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brain, thoracic and abdominal cords of Upogebia all contain notable amounts of 
CDH. Another similarity between extracts from Pagurus and Emerita is seen in 
the distribution of CBLH. CBLH is found in considerable amounts in brain, con- 
nectives, and thoracic cord of both genera. However, the thoracic cord extracts 
of Upogebia show almost a complete absence of CBLH activity while the extracts 
of the remaining parts of the central nervous system produce a definite body- 
lightening, the connectives being most active in this respect. 

The absence of CDH within the brachyurans investigated as well as the restric- 
tion of this principle to the connective region of the natantians studied confirms the 
results of Brown and Ederstrom (1940). Experimental data show that moderate 
amounts of CBLH are found in brain, thoracic cord, and connectives. Although 
results for CBLH distribution for brachyurans are shown only for Libinia, it has 
been found that they are qualitatively the same for Uca, Cancer, Carcinides, and 
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Ovalipes. The striking body-lightening effect of a strong extract of Uca connec- 
tives and commissures is illustrated in Figure 1B. 

An attempt was made to analyze further the localization of CDH and CBLH 
within the thoracic cords of Emerita and two species of Pagurus: pollicaris and 
longicarpus (Table IV). The procedure consisted of dividing the thoracic cords 
into a number of approximately equal portions, four in the case of Pagurus and 
five in that of Emerita. It was observed that the concentration of CDH within 
the thoracic cord of both P. pollicaris and P. longicarpus is greatest in the posterior 
fourth of the cord and decreases gradually along the cord as one proceeds anteriorly. 
In Emerita the highest region of CDH concentration is also the posterior portion 
of the thoracic cord. However, there is a lack of CDH in any of the central por- 
tions of the thoracic cord in Emerita. It would seem then that the distribution of 
CDH in the thoracic cord of Emerita is more restricted than in Pagurus. 

The distribution of CBLH in the thoracic cord of P. pollicaris and P. longicarpus 
is similar. The most intense body-lightening effect is. brought about by extracts 
of the anterior fourth of the cord while less intense reactions are produced by ex- 
tracts of the remaining portions. Experiments with extracts of Emerita thoracic 
cord indicate a higher concentration of CBLH in the anterior portion of the cord, 
and apparent absence of CBLH in the second portion and only slight amounts of 
the principle in the third, fourth and fifth divisions of the cord. In summarizing 
the distribution of CDH and CBLH within the thoracic cords of Pagurus and 
Emerita we can say that CDH is relatively more concentrated posteriorly in the 
thoracic cord while CBLH appears more concentrated anteriorly. 


DISCUSSION OF RESULTS 


The effect of the extracts of the central nervous system upon the dark pigments 
of the telson and uropods of Crago possesses a characteristic pattern in each of the 
major groups of the order Decapoda. In the Natantian, Crago, we have observed 
the restriction of CDH activity to the circumoesophageal connectives, whereas the 
Astacura and Palaemonetes exhibit a more generalized occurrence of the hormone 
within the organs of the central nervous system. However, as one proceeds to the 
Anomura, these contain changes from the widespread condition in the astacurans to 
a more specialized one as evidenced by the restriction of CDH in the thoracic cord of 
two of the three genera examined. Finally there is an entire lack of CDH among the 
brachyurans. 

Experimental data concerning the distribution of CBLH in the reptantians pre- 
sent an interesting problem. Although both the anomurans and brachyurans pos- 
sess the body-lightening hormone in varying amounts throughout the entire central 
nervous system, the astacurans appear to limit the hormone to connectives and 
thoracic cord. The simplest explanation for the body-darkening activity of the 
astacuran central-nervous-system extracts involves action of the tail-darkening prin- 
ciple. It is thought that CDH produces body-darkening after CBLH has been ex- 
hausted or in the absence of CBLH. This is indicated in Figure 2 in which selected 
portions of the central nervous system of Libinia, Cambarus, and Homarus are 
shown to produce a graded series of differential effects upon the coloration of the 
body of eyestalkless Crago. These range all the way from maximum body-lightening 
and no trace of darkening (Libinia brain) through initial lightening followed by 
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darkening, to immediate and extensive body-darkening (Homarus abdominal cord). 
These results are believed to be explained in terms of different relative amounts of 
CDH and CBLH. The former is known to be absent in the case of Libinia, and 
it is assumed that the latter is absent or nearly so in the case of Homarus abdominal 
cord. In the case of the extracts of Homarus thoracic cord and connectives and 
those of Cambarus thoracic cord, CBLH is present in small amounts and lightens 
the body for a short time, thereby delaying the darkening influence of CDH on the 
body. 

A comparison of tail-darkening and body-darkening within Crago injected with 
nervous system extracts from numerous sources suggests a rough positive correla- 
tion between the two (Fig. 3). Generally speaking, we may infer from these data 
that the tendency towards body-darkening is greater in those animals showing a 
high degree of tail-darkening. This gives further support for an active role of 
CDH in body-darkening. 

Unlike the Decapoda the /sopoda apparently exhibit a uniform distribution of 
CDH within the central nervous system. However, since only a single species was 
considered, further experimentation is deemed necessary before any decisive state- 
ment is made concerning CDH distribution within this group. 
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Figure 2. The influences of extracts of selected portions of the central nervous system of 
some crustaceans upon the body coloration of eyestalkless Crago. 


From most positive to most negative at the end of 10 minutes are shown, respectively, Homarus 
abdominal cord, Homarus brain, Homarus thoracic cord, Homarus circumoesophageal connectives, 
Cambarus thoracic cord, and Libinia brain. Concentration in each experiment was: organs of 
one specimen/0.5 ml. sea-water. 
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Figure 3. The general relationship between the degree of darkening or lightening of the 
body proper of eyestalkless Crago and the degree of darkening of the telson and uropods. 
Darkening of the tail is expressed as the algebraic sum of the intensities of the reactions at 5, 
10, 15, 30, 45, and 60 min. following extract injection, thereby including a measure of both in- 
tensity and duration of the effect. Body-lightening, being more rapidly transitory, is expressed 
as the algebraic sum of the values at 5, 10, 15, and 30 min. 


SUMMARY 


1. A survey was made of the effects upon Crago color-change of sea-water ex- 
tracts of various parts of the central nervous system of thirteen species of higher 
crustaceans. The crustaceans represented the groups /sopoda, Natantia, Astacura, 
Anomura, and Brachyura. 

2. Extracts of various portions of the nervous system among the various groups 
showed wide differences in their total chromatophorotropic activities, producing 
various degrees of telson and uropod darkening and of body-lightening and 
darkening. 

3. An analysis of the results gave support to the hypothesis that most crustacean 
nervous systems possess at least two principles, a) a Crago body-lightening prin- 
ciple, CBLH, lightening all portions of the body except telson and uropods, and 5) 
a Crago-darkening hormone, CDH, darkening the telson and uropods, and, in the 
absence of CBLH, the body as well. 
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4. CBLH is more or less uniformly distributed throughout the nervous systems 
of all the species examined except the astacurans in which it is demonstrated only 
for the circumoesophageal connectives and thoracic cord. 

5. CDH is restricted to the circumoesophageal connective region of the Natantia, 
is differentially distributed throughout the nervous systems of anomurans, with 
highest concentration in the posterior region of the thoracic cord, and is distributed 
throughout the nervous systems of the other species except the brachyurans in 
which it is absent. 
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PHYSIOLOGICAL OBSERVATIONS ON WATER LOSS AND 
OXYGEN CONSUMPTION IN PERIPATUS? 


PETER R. MORRISON 


Biological Laboratories, Harvard University, Cambridge, Massachusetts 


The small group of species which comprises the Onychophora have long been 
of interest because of their unique combination of arthropod and annelid characters 
which places them in a phylogenetic position intermediate to those two extensive 
groups (Snodgrass, 1938). They are further of interest because of their close 
homogeneity despite a sporadic distribution that encompasses a large portion of the 
world and points to an ancient separation of some of the genera (Clark, 1915; Brues, 
1923). This homogeneity appears to be physiological and ecological as well as 
morphological,? since Peripatus is restricted everywhere to a moist but terres‘rial 
environment. Further, their sporadic and fluctuating local distribution suggests 
that environmental variation, presumably in moisture, is actively limiting their oc- 
currence even in the regions where they are found. 

Physiological observations on members of this group, then, are of interest, and 
it is of particular interest to examine the process of water loss and to contrast Perip- 
atus in this respect to comparable annelids and arthropods. Manton and Ramsay 
(1937) have reported a value for water loss in Peripatus (Peripatopsis) at 30° 
and with wind velocity of 7.0 m./sec. (16 m.p.h.). These conditions, however, 
seem rather severe for a species which is uncomfortable at temperatures above 20° 
(Manton, 1938) and which, living in crevices, must have little exposure to wind. 
The experiments reported here were made under conditions which more nearly ap- 
proximate those encountered by the animal in nature. 

In this connection reports in the literature suggest that there may have been 
some temperature adaptation in the Onychophora. Thus the two species studied 
here, both from Panama (lat. 9° N.), stayed in good condition at a temperature of 
25°=+. In contrast as already noted, Peripatus from near Cape Town (lat. 34° S.) 
became uneasy at temperatures above 20° although low temperatures, even down to 
freezing, did not bother them. They survived very well in England (Manton, 
1938; Sedgwick, 1885) as have specimens from New Zealand (lat. 40° S.). The 
latter were only successfully transported through the intervening tropical regions 
with the aid of refrigeration (Sedgwick, 1887). Peripatus from New Zealand 
(Hutton, 1876) and from Australia (Steel, 1896) are reported to become torpid 
during the winter but with no subsequent ill effects. On the other hand Sclater 
(1887) reported that his specimens from British Guiana (lat. 7° N.) successfully 


1 These observations are by no means complete, but because the literature contains little data on 
living Onychophora, particularly on New World species, and because there was no immediate 
prospect of obtaining a further supply of these unusual animals, it seemed advisable to present 
them at this time. 

2 It should be noted, however, that for such a small group of Onychophora show remarkable 
diversity in their embryological development and their mode of reproduction. 
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survived the trip to England, “but unfortunately were much affected by the cold, 
and were therefore killed.” 


MATERIAL 


These Peripatus were secured on Barro Colorado Island, Canal Zone, through 
the great kindness of Mr. James Zetek. Two species (note Clark and Zetek, 1946) 
were obtained, the larger of which (Epiperipatus brasiliensis varians) had a con- 
tracted length of 50 mm. and was uniformly colored a rich red-brown. The smaller 
species (Oroperipatus corradi) had a contracted length of 25 mm. and was a choco- 
late color with lighter underside and with darker legs and a dark, median, dorsal 
stripe 0.3 mm. in width. The animals were taken in early September and these 
observations were made in Cambridge about a month later. During the interim 
they were kept in moist forest debris but were not given suitable food other than the 
supply of termites initially in the debris. The animals survived the trip well and 
apparently stayed in good health until just before death which presumably occurred 
through starvation. 

The general behavior of these individuals corresponded to that described for 
other species (Manton, 1938; Holliday, 1942; Andrews, 1933; Steel, 1896; Sedg- 
wick, 1885; etc.). They were retiring and preferred to remain inactive in some 
dark crevice. They are sensitive to light but react even more sharply to dryness 
which stimulates them to constant activity. The smaller species were definitely 
more sensitive in this respect and could not be held still even for a moment. 

An occurrence involving an individual of the larger species may be of particular 
interest. On the occasion of mechanical injury to one of its antennae that member 
was placed in the mouth and the injured portion, about half the length, was removed. 
The stump healed and the individual did not appear to be inconvenienced by the 
loss. Parturition as observed in these specimens has been described elsewhere 
(see Morrison, 1946). 

The rate of oxygen consumption and water loss in Peripatus was compared 
to several arthropods and annelids of fairly similar size, habitat and body form: 
centipeds (Lithobius) ; millipeds (Julus) ; sow bugs (Oniscus) ; and earthworms. 
These were all collected locally with the exception of one small tropical earthworm 
found among the debris. 


OBSERVATIONS 
Sensory responses 


With the exception of the antennae the animals showed equal tactile sensitivity 
all over the body, on the dorsal and ventral surfaces and on the legs. <A very light 
stimulation could be applied with no response, a light one produced a local with- 
drawal of a leg or small section of the body, while a strong stimulus led to a general 
withdrawal. Holliday (1942) noted that fairly large wood lice and centipeds could 
crawl over the body of a Peripatus without evoking any response. The antennae 
are much more sensitive and the lightest touch here results in the retraction of one 
or both. With stronger or repeated stimulation the animal will completely contract 
and change its direction of progression; further irritation provoked the well known 
ejection from the slime glands. These responses are in accord with the histological 
findings of Manton (1937) that while a single well ensconced sense capsule was 
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found in each primary body papilla, each antennal papilla bore at least three much 
more exposed capsules with much heavier innervation. 

The animals usually walked forwards but when startled would often reverse 
their direction, apparently walking backwards with equal ease. Occasionally they 
would half turn backwards and then move in the form of a “U” with the legs of 
the anterior half walking forward and those of the posterior half walking backwards. 
This mode of progression must impose an interesting problem in coordination. 

The response of the animals to a single point source of light (a two-cell flashlight 
with reflector and glass removed, at a distance of 0.5 to 1 m.) was recorded by trac- 
ing their path on a large underlying sheet of paper. A number of records were 
made both with the light fixed and with it moved through 90 or 180° halfway 
through the record. Examination of the records showed no oriented negative 
phototropism ; indeed, the animals actually travelled towards the light more often 
than away from it. Thus these animals would appear to be unable to localize light 
but only to be aware of it. This corresponds to the observations of Manton (1938) 
that the movement of objects near Peripatus elicited a response only when accom- 
panied by air movement. These experiments were not carried out in a saturated 
environment, however, and it is possible that with the very strong stimulus of dry- 
ness removed, some phototropic pattern might be observed. 


Water balance 


In measuring water loss the animals were placed in large (D = 5 cm.) flat, 
weighing bottles containing a layer of calcium chloride covered by a floor of brass 
gauze. Measurements were made at 24° which is within the range normally en- 


countered by these species (Kenoyer, 1929), and for periods of 30 minutes. No 
circulation was supplied, the movement of the animals themselves providing for 
convection. The Peripatus were particularly uneasy in this very dry. atmosphere 
and kept in constant and vigorous motion. 

The values obtained for the two species of Peripatus and for several other ani- 
mals are summarized in Table I. Water loss has been computed on the basis of 
both body weight, and the two-thirds power of the body weight.* The latter is 
perhaps a more reasonable basis for comparing animals of different size. The two 
values for Peripatus agree well and lie between those found for the annelids and 
arthropods. They indicate that Peripatus has a twofold advantage over the earth- 
worm * in the conservation of water; and that it is at a twofold disadvantage as 
compared to the centiped, the most xerosensitive arthropod studied. Other arthro- 
pods showed values ranging down to one-twentieth that observed in Peripatus. 
These data are presented graphically in Figure 1. 

Manton and Ramsay (1937) reported on water loss in Peripatus under the 
much more rigorous conditions of 30° with a 7 m./sec. (16 m.p.h.) wind and a rela- 


8 This quantity is proportional to the surface area in animals of similar body form. In 
Peripatus and the arthropods where the actual body surface is increased by appendages and 
papillae, loss of water very probably takes place largely through the trachae (note Mellanby, 
1935). Water loss will therefore be related to respiration which is also roughly proportional 
to the two-thirds power of the body weight in animals of different size (Krogh, 1916). 

* This will be a minimum figure since the body weight of the earthworm includes.a con- 
siderable amount of dirt in the gut. These earthworms were kept in clean wet containers for 
1% days before use, during which time they evacuated up to 15 per cent of their weight, but 
more undoubtedly remained. 
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tive humidity of 27.5 per cent. They found a value of 13.0 mg./g. min. or 2 to 3 
times our value. A similarly measured value for an earthworm was about half as 
large on a weight basis or of equal magnitude on the basis of surface area. How- 
ever, the advisability of making measurements under physiological conditions should 
be stressed since under abnormal circumstances quite different relations may hold. 
Thus, for example, Ramsay (1935) showed that in the cockroach water was lost 
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Ficure 1. Water loss in Peripatus and other animals at 24° over calcium chloride as a 
function of the body weight. Open circles, earthworms; crossed circles, Peripatus; half-closed 
circles, centipeds; lined circles, sow bugs; closed circles, millipeds. The curves represent 
Y=K (X)**, where the values for K are the average values given in Table I. 


much more rapidly at temperatures above 30° with an apparent breakdown of the 
hydrophobic character of the body surface. 

In considering this function it is of interest to note that Clark (1915) concluded 
on the basis of distributional and taxonomic considerations that the Onychophora 
had originally evolved in a cooler rather than a warmer environment. Thus, the 
more primitive groups are found on mountains or in the “temperate” regions while 
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the more recent forms are tropical. This is, of course, entirely in accord with the 
physiological considerations since the xerotic stress would be reduced at a lower 
temperature and such an environment would be more favorable for evolution from 
an aquatic to a terrestrial mode of life. 


° TABLE [| 


Water loss in Peripatus and other animals at 24° over calcium chloride 





| : 
| | Water loss 
| Number and weight | Duration of experi- 

| in mg. ment in min. 


Animal 
; | mated 
mg./g.min. | mg./g.2min. 


884 15 7.4 7.1 
703 15 12.0 10.4 
360 15 13.4 9.6 
208 10 17.3 10.4 


105 8 22.6 


Earthworm 


Peripatus 
Epiperipatus 788 30 
Oroperipatus 423 30 


cn 
on 


| 
| 
| 
| 





Centiped 150 60 

135 20 
4x95 60 
4x63 30 
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Milliped 3X76 120 
3x98 600 








Averages 
Earthworm 15 Experiments 
Peripatus 2 Experiments 
Centiped 4 Experiments 
Sow bug 5 Experiments 
Milliped 2 Experiments 








Respiration 


The oxygen consumption of the larger species of Peripatus and of various other 
animals was measured in a Warburg apparatus.’ Carbon dioxide was absorbed in 
sodium hydroxide in a small cup fused to the bottom of the chamber. The animals 
were placed directly in the chamber and were kept from the lye by a small screen 
shield. Measurements were made at 25.0° C. over a period of 60 minutes. 

The results on Peripatus are shown in Figure 2. After a restless initial period 
(10 minutes) it settled down to a very uniform rate of oxygen consumption. The 
centipeds, also shown in Figure 2, were less regular. The results for the various 


5 I am indebted to Dr. William Carroll for the use of his calibrated Warburg assembly. 
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animals are summarized in Table II. The exact significance of the “resting” or 
“basal” oxygen consumption is not known but some correlation between it and the 
“intensity” of the organism has been observed. Compared on a weight basis Perip- 
atus consumes oxygen at the same rate as the earthworm and at about half the rate 
of the arthropods. It has been observed, however, that within a given group, the 
metabolism per unit of weight varies with the size of the animal (note Edwards, 
1946, for example), and that the metabolism is more nearly proportional to some 
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Ficure 2. Oxygen consumption in Peripatus and the centiped as a function of time. Open 
circles, Peripatus (Epiperipatus), 0.68 g.; closed circles, 3 centipeds, total weight 0.33 g.; 
temperature, 25°. 


lower power of the weight. As a first approximation this may be taken as the 
two-thirds power (Krogh, 1916). When the oxygen consumption is compared on 
this basis, Peripatus agrees more closely with the arthropods and has a higher value 
than the earthworm. 

The hydrophobic character of the body surface has been noted by many ob- 
servers. It is particularly evident when the animal is submerged since the body 
papillae hold the water away from the body surface and leave the animal entirely 
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surrounded by a sheath of air. It would seem entirely possible that this air sheath 
may function as a respiratory surface under water. Such a mechanism has been 
demonstrated in certain aquatic insects which carry down an air supply by means 
of hydrophobic hairs and which, by this means, greatly extend their periods under 
water (Krogh, 1941 ; Wigglesworth, 1931). Since Peripatus must be often covered 
by water in rainstorms, particularly as its lack of resistance to dessication forces it 
to frequent wet places, this mechanism could be of real utility and have a consider- 
able survival value. This would provide a functional explanation for the papilla- 
covered body surface which is characteristic and unique in the Onychophora. 


TABLE II 


Oxygen consumption in Peripatus and other animals at 25° C. 








Oxygen consumption 


Animal Weight in mg. 


| 
| 
| 
| 
| 
| 
| 
| 


i 
cc./g.hr. | cc./g.?/*hr. 





Earthworm 96 0.22 0.10! 
Peripatus 

(Epiperipatus ) 680 0.23 0.20 
Millipeds 3X111 0.46 0.22 
Centipeds 2x69 0.56 0.22 
Pill bugs 5x61 0.35 ? 0.14 


| ' 





! Lesser (1908) reported values of 0.4 cc. per g.?/*hr. at 19° at which temperature the oxygen 
consumption should be about half that measured at 25° (Vernon, 1897). 
2 Edwards (1946) reports a similar value but at a temperature of 17°. 


SUMMARY 


The Onychophora represent a morphological transition between the annelids and 
the arthropods. They also represent a physiological transition between the aquatic 
and the terrestrial environment. In the latter transition the most important adapta- 
tions are those involving the functions of water conservation and respiration. 

The ability of Peripatus to conserve water has been compared to that of com- 
parable annelids and arthropods. Peripatus is shown to be intermediate to those 
two groups in this function, losing twice as much water as the centiped, but only 
one-half as much as the earthworm. This corresponds to its taxonomic and ecologi- 
cal positions. 

The “resting” rate of oxygen consumption has also been compared to other ani- 
mals. The rate in Peripatus is comparable to that in the arthropods and larger than 
that in the earthworm. 

It is suggested that the unique papilla-covered body surface may represent an 
adaptation for underwater respiration to meet the environmental restriction imposed 
by the inadequate regulation of water loss. 
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STUDIES ON CILIATES OF THE FAMILY ANCISTROCOMIDAE 
CHATTON AND LWOFF (ORDER HOLOTRICHA, 
SUBORDER THIGMOTRICHA) 


III. ANCISTROCOMA PELSENEERI CHATTON AND LWOFF, 
ANCISTROCOMA DISSIMILIS SP. NOV., AND 
HYPOCOMAGALMA PHOLADIDIS SP. NOV. 


EUGENE N. KOZLOFF 
Lewis and Clark College, Portland, Oregon 


INTRODUCTION 


Chatton and Lwoff described in 1926 two ciliates for which they created the 
genus Ancistrocoma: A. pelseneeri, from the gills and palps of Macoma balthica 
(L.); and A. pholadis, from Barnea (Pholas) candida (L.). Their descriptions of 
these two species are of a preliminary nature and are not accompanied by illustra- 
tions. More detailed descriptions of A. pelseneeri, together with illustrations, are 
given in two papers of Raabe (1934, 1938). 

Kofoid and Bush (1936) described as Parachaenia myae a ciliate from the peri- 
cardial cavity and excurrent siphon of Mya arenaria L. which Kirby (1941) noted 
was in several respects apparently identical with A. pelseneert. Kudo (1946), 
however, listed Parachaenia myae as a valid species in the suborder Gymnostomata. 
Kofoid and Bush stated that they did not find P. myae in any other molluscs which 
were present in the same localities as the host species. I have studied the ciliate 
associated with Mya arenaria in San Francisco Bay and have compared it with 
similar forms from Cryptomya californica (Conrad), Macoma inconspicua Broderip 
and Sowerby,’ Macoma nasuta (Conrad), and Macoma irus (Hanley) from San 
Francisco Bay, and from Macoma secta (Conrad) from Tomales Bay, California. 
I have concluded that the ciliate described by Kofoid and Bush as Parachaenia myae 
is not specific in Mya arenaria and that P. myae is ental with Ancistrocoma 
pelseneeri Chatton and Lwoff. 

On the gills and palps of the rock-boring piddock Pholadidea penita (Conrad) 
there occurs a species of Ancistrocoma which is clearly distinct from . 4, pelseneeri 
and which I will describe in this paper as Ancistrocoma dissimilis sp. nov. Another 
ciliate I have studied from P. penita is referable to the genus Hypocomagalma, cre- 
ated by Jarocki and Raabe (1932) for H. dreissenae, from the fresh water mussel 
Dreissena polymorpha (Pall.). It will be described herein as Hypocomagalma 
pholadidis sp. nov. 


1 By some malacologists the small species of Macoma referred to in this paper as M. incon- 
spicua is considered to be conspecific with M. balthica; by others it is considered to be a sub- 
species of M. balthica. No conclusive evidence has been presented in the literature in recent 
years either to support or refute these contentions. 


189 





EUGENE N. KOZLOFF 


ANCISTROCOMA PELSENEERI CHATTON AND LWOFF 
(Figure 1; Plate I, Figs. 1, 2) 


The body is elongated and somewhat flattened dorso-ventrally.2 As seen in 
lateral view, the ciliate is banana-shaped, the ventral surface being incurved. The 
anterior end is more or less attenuated. The body is usually widest and thickest 
in its posterior third. Forty living individuals taken at random from Mya arenaria 
ranged in length from 50, to 83», in width from 14, to 204, and in thickness 
from lly to 16, averaging about 62, by 16y by 12.54. Twenty individuals 
from Macoma inconspicua ranged in length from 52 » to 78 », in width from 144 
to 19 », and in thickness from 11 p» to 15 p. 


A B 


Ficure 1. Ancistrocoma pelseneeri Chatton and Lwoff. Distribution of ciliary rows, somewhat 
diagrammatic.* A, dorsal aspect;. B, ventral aspect. 


The anterior end is provided with a contractile suctorial tentacle which enables 
the ciliate to attach itself to the epithelial cells of the gills and palps of the host and 
to suck out their contents. The internal tubular canal continuous with the tentacle 
is directed at first dorsally and then ventrally and obliquely toward the right side 
of the body. It can usually be traced in fixed individuals stained with iron hema- 
toxylin for about two-thirds the length of the body. Kofoid and Bush suggested 
only in the title of their paper that the form which they named Parachaenia myae 
was parasitic in Mya arenaria, but did not describe attachment of the ciliate to the 
epithelium. They found the ciliate in the pericardial cavity and excurrent siphon 


2 Kofoid and Bush stated in their description of “Parachaenia myae” that the body of this 
ciliate is bilaterally compressed, the transverse diameter being about two-thirds the dorso-ventral 
diameter. Obviously their orientation of the form in question is not in agreement with the 
orientation assigned to it by Chatton and Lwoff, Raabe, and myself. 

8 All text-figures illustrating this paper are based on camera lucida drawings of individuals 
fixed in Schaudinn’s fluid and impregnated with activated silver albumose (protargol). 
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ut the clams and apparently believed it to be unattached and to. feed as a gymno- 
stome, by producing a current in the medium by means of vigorous ciliary activity 
which carries food particles to the mouth. They stated that they observed a few 
instances of food taking, in which “debris containing bacteria enters the mouth and 
moves along the cytopharynx, forming little globules which continue back and aggre- 
gate in the large food vacuoles which distend the posterior part of the body.” They 
stated further that “stained specimens show some vacuoles containing broken-up 
nuclear material similar to that of the epithelial cells which are removed when the 
fluid is taken from the clam.” I have not observed any instances of ingestion of 
food such as that described by Kofoid and Bush, and although I admit it is perhaps 
possible for the ciliates to ingest food in this manner, I believe that they are pri- 
marily branchial parasites which feed by means of the suctorial tentacle. 

The cilia of A. pelseneeri are disposed on the ventral, lateral, and dorso-lateral 
surfaces of the body in longitudinal rows originating at the anterior end. In all 
individuals which I examined carefully the number of ciliary rows was fourteen, 
but Raabe stated that in some specimens there are but thirteen rows. According to 
Raabe the ciliary system is composed of three separate complexes, the first consist- 
ing of eight or nine rows spiralling from the left side of the body toward the right 
and terminating progressively more posteriorly on the ventral surface, the second 
consisting of two approximately meridional rows situated on the central part of the 
ventral surface, and the third consisting of three rows spiralling from the right side 
of the body toward the left and terminating on the ventral surface. After studying 
a large number of the ciliates from Mya arenaria and Macoma inconspicua I cannot 
agree with Raabe on this matter. The ciliary rows appear collectively to form a 
single complex. There are usually five approximately equal rows about two-thirds 
the length of the body occupying the central portion of the ventral surface ; these are 
bounded on the right by three progressively longer and more widely-spaced rows 
and on the left by six progressively longer and more widely-spaced rows. In some 
specimens the number of longer rows on the left side is greater than six, in which 
case the number of approximately equal and more or less meridional rows is pro- 
portionately decreased. Some of the outer rows on either side of the body, which 
originate on the lateral margins or on the dorsal surface, curve ventrally as they ex- 
tend posteriorly, but the last two rows on the left side and the last row on the right 
side are typically dorso-lateral in position over their entire length. The outermost 
row on either side extends almost to the posterior tip of the body. Kofoid and 
Bush stated that the ciliary rows of “Parachaenia myae” may unite with one an- 
other, but I have never observed this to be the case, although in some seriously 
shrunken fixed individuals a few of the rows converge in such a way that they ap- 
pear to be united. 

In one of the illustrations accompanying the first of Raabe’s papers in which 
there is a detailed discussion of A. pelseneeri (1934) the outermost ciliary row on 
the right side of the body is shown to originate as far anteriorly as the more cen- 
tral rows, while the outer three or four rows on the left side are shown to originate 
progressively more posteriorly. According to my own observations, however, the 
outermost row on the right side originates at about the same level as the last row 
on the left side. In all suitably impregnated individuals which I have studied the 
eighth row from the right side originates a little posterior to the level of origin of 
the adjacent ventral rows. 
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The cilia of A. pelseneeri are 8 to 10, in length. Those at the anterior end 
of the body are usually the more active and may be employed for thigmotactic at- 
tachment. Kofoid and Bush stated that the cilia of the “dorso-bilateral region” of 
“Parachaenia myae” are about 20 » long near the anterior end, becoming somewhat 
shorter posteriorly ; the cilia of the ventral surface, on the other hand, were said 
by them to be about one-half the length of those of the dorso-bilateral area. I have 
noted, however, no significant disparity between the lengths of the cilia of various 
parts of the ciliary system. When dissociated from the host the ciliate swims ener- 
getically, rotating on its longitudinal axis or swaying from side to side. 

In the original description of A. pelseneeri given by Chatton and Lwoff refer- 
ence is made to a “frange peristomienne” which they supposed corresponded to the 
peristomal fringe of cilia in species of Ancistruma. In his paper of 1934, Raabe 
described a short (approximately 13 » long) row of basal granules lying in a dorsal 
anterior depression just above the anterior part of the internal tubular canal which 
he thought may represent the “frange peristomienne” described by Chatton and 
Lwoff. In his paper of 1938, however, Raabe stated that on certain of his prepara- 
tions of this ciliate he could distinguish a row of basal granules such as he described 
in 1934, but did not refer to it as the peristomal fringe, and suggested that Chatton 
and Lwoff may have mistaken the stained outline of the internal tubular canal for 
a row of basal granules homologous with those of the peristomal fringe of ancis- 
trumid ciliates. In my study of living, stained, and impregnated individuals of the 
ciliate I believe to be A. pelseneeri I have found no evidence whatever of a dorsal 
anterior depression or a row of basal granules such as that described by Raabe. 

Kofoid and Bush described internal fibrillar structures, which they believed to 
represent elements of the neuromotor system, extending for a short distance poste- 
riorly from an annular commissure (“cytostomal ring”) around the “cytostome.”’ 
One of the fibrils was said by them to pass along the internal tubular canal (“cyto- 
pharynx”) to a slight thickening on the surface of the canal, then “towards the 
dorsal surface where it joins a relatively large granule which is closely associated 
with the mid-dorsal ciliary fibril.” They stated further that “from points of the 
cytostomal ring on the ventral side, two fibrils are given off which soon unite and 
continue as a slender thread along the ventral surface of the cytopharynx.” I have 
been unable to detect any structures in A. pelseneert which might be construed as 
elements of a neuromotor system, but perhaps it is a siderophilic fibril-like structure 
of the type that Kofoid and Bush described that Raabe may have thought to repre- 
sent a series of basal granules. The “cytostomal ring” around the “cytopharynx” 
was stated by Kofoid and Bush to be connected with the longitudinal ciliary rows, 








EXPLANATION OF Pate I 


Ficure 1. Ancistrocoma pelseneeri Chatton and Lwoff (from Mya arenaria). Ventral 
aspect. Heidenhain’s “susa” fixative-iron hematoxylin. X.1,680. 

Figure 2. Ancistrocoma pelseneerit Chatton and Lwoff (from Macoma inconspicua). 
Lateral aspect from left side, from life. 

Figure 3. Ancistrocoma dissimilis sp. nov. Ventral aspect. Schaudinn’s fixative-iron 
hematoxylin. X 1,680. 

Ficure 4. Hypocomagalma pholadidis sp. nov. Dorsal aspect. Schaudinn’s fixative-iron 
hematoxylin. X 1,260. 

Figure 5. Hypocomagalma pholadidis sp. nov. Ventral aspect. Schaudinn’s fixative-iron 
hematoxylin. X 1,260. 
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but I have not observed this to be the case in A. pelseneeri. As has been pointed 
out above, some of the rows do not originate as close to the base of the suctorial 
tentacle as others. It is possible that the structure referred to by Kofoid and Bush 
as the “cytostomal ring” represents the siderophilic anterior edge of the contracted 
suctorial tentacle. 

The cytoplasm is colorless and contains numerous small refractile granules of a 
lipoid substance. In the posterior part of the body there are in addition to typical 
food vacuoles containing ingested fragments of epithelial cells one or more large 
vacuoles containing globular masses usually of a dense, homogeneous character. 
Raabe referred to this type of vacuole as “Konkrementenvacuole” and suggested 
that since he observed the internal tubular canal to terminate very near the 
“Konkrementenvacuole” the material within the vacuole may represent an accumula- 
tion of waste material which was not digested and absorbed as the ingested food 
material passed backward down the canal. It is quite true that these concrement 
vacuoles do not resemble the typical food vacuoles of most other ancistrocomid 
ciliates which I have studied. It would be interesting to determine whether or not 
digestion and absorption take place in the internal tubular canal, and how the mate- 
rial in the concrement vacuole, if it represents undigested wastes, is gotten rid of 
by the ciliate. 

The macronucleus is usually sausage-shaped, rarely ovoid, and typically is situ- 
ated dorsally near the middle of the body. In some fixed specimens stained with 
iron hematoxylin the chromatin appears to be distributed in irregular masses scat- 
tered through the macronuclear material; in other iron hematoxylin preparations 
and in most specimens stained by the Feulgen reaction the chromatin is aggregated 
into a dense reticulum enclosing vacuole-like clear spaces. In twenty individuals 
from Mya arenaria fixed in Schaudinn’s fluid and stained by the Feulgen reaction 
the macronucleus ranged in length from 11 » to 16, and in width from 44 to 7 p. 

The micronucleus is ovoid, fusiform, or sausage-shaped, and usually is seen to 
lie to the right of the macronucleus. In fixed and stained specimens the chromatin 
is ordinarily aggregated into granules. In twenty individuals from Mya arenaria 
fixed in Schaudinn’s fluid and stained by the Feulgen reaction the micronucleus 
ranged in size from 1.2 » by 3» to 2.1 w by 3.2 w. 

Ancistrocoma pelseneeri is very common in Mya arenaria in all localities in San 
Francisco Bay where I have collected this mollusc. I have found it to be present, 
although usually in smaller numbers, also in Cryptomya californica, Macoma incon- 
spicua, M. nasuta, and M. irus from several localities in San Francisco Bay, and in 
Macoma secta from Tomales Bay. It is peculiar that this ciliate was not recorded 
by Raabe from Mya arenaria at the marine biological station at Hel. Raabe listed 
Sphenophyra dosiniae Chatton and Lwoff, Hypocomidium granum Raabe, and a 
species of Ancistruma which he provisionally referred to A. cyclidioides (Issel), 
from M. arenaria. 1 have found S. dosiniae in a small percentage of M. arenaria 
and in a fairly large percentage of Cryptomya californica from San Francisco Bay. 
I have also found in M. arenaria the ciliate thought by Raabe to be A. cyclidioides, 
but not Hypocomidium granum. 


Ancistrocoma pelseneerit Chatton and Lwoff (= Parachaenia myae Kofoid and 
Bush) 


Diagnosis: Length 50 »-83 » (according to Kofoid and Bush 40 »-100 »), aver- 
age about 62 »; width 14 4-20,, average about 16; thickness 11 »-16 », average 
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about 12.5. The ciliary rows are fourteen (according to Raabe thirteen or four- 
teen) in number and are distributed on the ventral, lateral, and dorso-lateral sur- 
faces of the body. There are usually five approximately equal rows about two- 
thirds the length of the body on the ventral surface, bounded on the right by three 
progressively longer and more widely-spaced rows and on the left by six progres- 
sively longer and more widely-spaced rows. The outermost row on either side 
extends almost to the posterior tip of the body. The more central rows originate 
close to the base of the suctorial tentacle, while the several outer rows on either side 
originate progressively more posteriorly on the lateral margins and the dorsal sur- 
face. Some of these rows curve ventrally as they extend posteriorly, but the two 
outer rows on the left side and the outermost row on the right side are typically 
dorso-lateral in position over their entire length. The macronucleus is usually 
sausage-shaped. The micronucleus is ovoid, fusiform, or sausage-shaped. Para- 
sitic on the epithelium of the gills and palps of Macoma balthica (L.) (Wimereux 
[Chatton and Lwoff] ; Hel [Raabe] ) ; Macoma inconspicua Broderip and Sowerby, 
Macoma nasuta (Conrad), Macoma irus (Hanley), Cryptomya californica (Con- 
rad) (San Francisco Bay, California); Macoma secta (Conrad) (Tomales Bay, 
California) ; Mya arenaria L. (Tomales Bay [Kofoid and Bush]; San Francisco 
Bay). 
ANCISTROCOMA DISSIMILIS SP. NOV. 
(Figure 2; Plate I, Fig. 3) 


The body is elongated, attenuated anteriorly, and somewhat flattened dorso- 
ventrally. The ciliary system, to be described presently, is disposed for the most 
part on the incurved and slightly concave ventral surface. The body is widest and 
thickest in its posterior third and rounded posteriorly. Twenty living individuals 
taken at random ranged in length from 33 » to 51 », in width from 10, to 14.5 p, 
and in thickness from 8 » to 12 », averaging about 44 w by 13 » by 10 pn. 

The anterior end is provided with a contractile suctorial tentacle continuous 
with an internal tubular canal. The canal is directed at first dorsally and then 
ventrally and obliquely toward the right side of the body. In fixed specimens 
stained with iron hematoxylin it can usually be traced posteriorly for about one-half 
the length of the body. 

The cilia of A. dissimilis are 7 » to 8 » in length and are disposed in longitudinal 
rows originating at the anterior end. The typical number of ciliary rows is eleven, 
but specimens with twelve rows are not uncommon, and I have seen some with four- 
teen rows. There are usually five approximately equal rows about three-fifths the 
length of the body occupying the central portion of the ventral surface; these are 
bounded on either side by three progressively longer rows, the outermost rows being 
three-fourths to four-fifths the length of the body. In specimens having twelve 
ciliary rows there are four longer rows on the left side instead of three; in speci- 
mens having fourteen rows there are four longer rows on the right side and five 
longer rows on the left. In some cases, particularly if the number of ciliary rows 
exceeds eleven, the five central rows are of unequal length, becoming progressively 
longer from right to left. One or two of the outer rows on either side originate 
on the lateral margin or the dorsal surface, usually a short distance posterior to the 
level of origin of the other rows. These rows curve ventrally and inward as they 
extend posteriorly, so that at least their distal portions are visible in ventral view. 
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The cytoplasm is colorless and contains numerous small refractile granules of a 
lipoid substance in addition to food inclusions. One or more larger food vacuoles 
are usually present in the posterior part of the body. The contractile vacuole lies 
near the middle of the body and opens to the exterior on the ventral surface. 

The macronucleus is ovoid and situated dorsally near the middle of the body. 
In fixed and stained preparations the outline of the macronucleus is nearly always 
very irregular and the chromatin appears to be aggregated into a dense reticulum 
enclosing vacuole-like clear spaces of varying size. In twenty individuals fixed in 
Schaudinn’s fluid and stained with iron hematoxylin the macronucleus ranged in 
length from 6.8 » to 13.7 » and in width from 5.4 » to 7.2 p. 

The micronucleus is typically ovoid, rarely spherical, and commonly is situated 
a short distance anterior to or to one side of the macronucleus. In fixed and stained 


(‘ 
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Ficure 2. Ancistrocoma dissimilis sp. nov. Distribution of ciliary rows, somewhat 
diagrammatic. A, dorsal aspect; B, ventral aspect. 


preparations the chromatin appears to be dispersed in granules of varying size. In 
twenty individuals fixed in Schaudinn’s fluid and stained with iron hematoxylin 
the micronucleus ranged in size from 2.2 » by 2.4 w to 2.2 » by 3.2 yn. 

I found Ancistrocoma dissimilis to be present on the gills and palps of twenty- 
one of thirty-six specimens of Pholadidea penita which I examined from localities 
near Moss Beach, California. It is sometimes found in association with Hypo- 
comagalma pholadidis. In some individuals of P. penita I have encountered a ciliate 
of the genus Sphenophrya which I hope to describe in a later paper and a species 
of Boveria which may also be new. 


Ancistrocoma dissimilis sp. nov. 


Diagnosis: Length 33 y-51 w, average about 44; width 10,y-14.5y, average 
about 13 »; thickness 8 »-12 », average about 10. The ciliary rows are eleven to 
fourteen (typically eleven) in number and are distributed for the most part on the 
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ventral surface and lateral margins.of the body. Most of the rows originate on the 
ventral surface close to the base of the suctorial tentacle, while one or two outer 
rows on either side originate on the lateral margin or the dorsal surface and curve 
ventrally and inward as they extend posteriorly. There are usually five approxi- 
mately equal rows about three-fifths the length of the body bounded on the right 
by three progressively longer rows and on the left by four progressively longer 
rows. The outermost row on either side is three-fourths to four-fifths the length of 
the body. The macronucleus is ovoid. The micronucleus is typically ovoid. Para- 
sitic on the gills and palps of Pholadidea penita (Conrad) (Moss Beach, California). 
Syntypes are in the collection of the author. 


HyPocoMAGALMA PHOLADIDIS SP. NOV. 
(Figure 3; Plate I, Figs. 4, 5) 


The body is elongated, strongly atteriuated anteriorly, and markedly asymmetri- 
cal. The anterior end is deflected toward the left and bent ventrally. The dorso- 
ventral flattening characteristic of most ancistrocomid ciliates is not conspicuous in 
this species. As viewed from the posterior end the body appears in'its middle and 
posterior portions to be almost as thick as wide. In its anterior third the body is 
nearly round in cross section. Most fixed specimens are considerably distorted and 
compressed in such a way that they appear to be widest near the middle. Twenty 
living individuals taken at random ranged in length from 63 » to 89 p, in width from 
18 » to 25 w, and in thickness from 16 p» to 21 pw, averaging about 76 » by 22 » by 19 p. 

The anterior end is provided with a contractile suctorial tentacle continuous 
with an internal tubular canal. The canal can usually be traced in fixed specimens 
stained with iron hematoxylin down the middle of the attenuated anterior part of 
the body and then obliquely toward the right side. I have not succeeded in demon- 
strating the course of the canal beyond the anterior one-third of the body. 

The cilia of Hypocomagalma pholadidis are approximately 9 » to 10 » in length. 
The ciliary system consists of twenty-four or twenty-five longitudinal rows. The 
body is almost completely invested by cilia except for a cilia-free “cap” at the pos- 
terior end. Two rows on the right side of the body usually appear to be set apart 
from the others, but in some specimens the spacing between these rows and the adja- 
cent rows on either side is not significantly wider than the spacing between some 
of the other rows. Perhaps these two rows are homologous with the one or two 
rows constituting the right ciliary complex of Crebricoma carinata (Raabe), Jnsig- 
nicoma venusta Kozloff, and species of Hypocomides. They originate near the base 
of the suctorial tentacle on the right margin or the dorsal surface close to the right 
margin and curve ventrally and to the left as they extend backward. The outer 
row, as seen in ventral view, is the longer and extends almost to the posterior end 
of the body. The inner row terminates a short distance more anteriorly than the 
outer row, but is conspicuously longer than the first of the next series of rows, 
which usually is about two-thirds the length of the body. The first eight to ten 
rows to the left of the two longer rows all originate at about the same level on the 
ventral surface close to the base of the suctorial tentacle. The remaining rows, 
which are disposed along the left margin of the body and on the dorsal surface, 
originate progressively more posteriorly. The tenth or eleventh row of this com- 
plex is usually the longest, although some of the shorter rows on the dorsal surface 
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may terminate more posteriorly. The last ciliary row on the right side of the 
dorsal surface is always the shortest row, originating at a point about one-third the 
distance from the anterior end of the body to the posterior end and terminating at 
a point about three-fourths or four-fifths the distance from the anterior end to the 
posterior end. 

The cytoplasm is colorless and contains numerous small refractile granules of a 
lipoid substance in addition to food inclusions. One or more larger food vacuoles 
containing fragments of cells from the epithelial tissues of the gills or palps of the 
host are usually evident in the posterior part of the body. The contractile vacuole, 
when single, is located near the middle of the body and opens to the exterior on 
the ventral surface. In a larger percentage of the living specimens of H. pholadidis 
which I examined there were two or more contractile vacuoles scattered through 
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Figure 3. Hypocomagalma pholadidis sp. nov. Distribution of ciliary rows, somewhat 
diagrammatic. A, dorsal aspect; B, ventral aspect. 


the body which emptied their contents to the exterior on the ventral surface. Ina 
large percentage of the living specimens of H. pholadidis which I examined there 
were two or more contractile vacuoles scattered through the body which emptied 
their contents to the exterior independently of one another. Jarocki and Raabe 
(1932) reported that in H. dreissenae the contractile vacuole was sometimes single, 
but that in some specimens there were several smaller ones. 

The macronucleus typically is sausage-shaped and lies in the posterior third of 
the body, its longitudinal axis placed obliquely to the longitudinal axis of the body. 
In light iron hematoxylin preparations and in specimens stained by the Feulgen 
reaction the chromatin of the macronucleus appears to be aggregated into a dense 
reticulum enclosing vacuole-like spaces which frequently contain globular masses 
of deeply-staining material. In ten individuals fixed in Schaudinn’s fluid and 
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stained by the Feulgen reaction the macronucleus ranged in length from 12.5 » to 
20 » and in width from 5 to 8.9 p. 

The micronucleus is spherical and usually is situated a short distance anterior 
to or to one side of the macronucleus. In most fixed and stained preparations the 
chromatin appears to be homogeneous, although in some the chromatin appears to 
be in part aggregated into granules or peripheral strands. In ten individuals fixed 
in Schaudinn’s fluid and stained by the Feulgen reaction the diameter of the micro- 
nucleus ranged from 2.4 » to 3.3 wu. 

I found Hypocomagalma pholadidis to be present on the gills and palps of 
twenty-eight of thirty-six specimens of Pholadidea penita which I examined from 
localities near Moss Beach, California. When the ciliate is dissociated from the 
host it swims erratically, usually rotating on its longitudinal axis and tracing wide 
arcs with its attenuated anterior end. The cilia of the anterior half of the body are 
more active than those of the posterior half and are sometimes observed to beat 
metachronously. The ventral cilia near the base of the suctorial tentacle are mark- 
edly thigmotactic. 


Hypocomagalma pholadidis sp. nov. 


Diagnosis: Length 63 »-89, average about 76; width 18-25, average 
about 22 »; thickness 16 u-21 », average about 19. The anterior end of the body 
is attenuated, conspicuously deflected toward the left, and bent ventrally. The 
ciliary system consists of twenty-four or twenty-five rows. Two long rows on the 
right side of the body appear in most specimens to be set apart from the remaining 
rows; these two rows originate near the base of the suctorial tentacle and extend 
almost to the posterior end of the body. The first eight to ten rows to the left of 
these two longer rows originate at about the same level on the ventral surface, while 
the remaining rows, disposed along the left lateral margin and the dorsal surface, 
originate progressively more posteriorly. The contractile vacuole may be single or 
represented by several independent vacuoles opening to the exterior on the ventral 
surface. The macronucleus is sausage-shaped. The micronucleus is spherical. 
Parasitic on the epithelium of the gills and palps of Pholadidea penita (Conrad) 
(Moss Beach, California). Syntypes are in the collection of the author. 
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INTRODUCTION 


The genus Heterocineta was established by Mavrodiadi (1923) for a ciliate 
which he named Heterocineta anodontae, and which he had formerly believed to 
represent a gregariniform stage in the development of Conchophthirus anodontae 
(Ehrenberg). Unaware of the fact that Mavrodiadi had abandoned his earlier con- 
ception and applied the name Heterocineta anodontae to this ciliate, Jarocki and 
Raabe (1932) described the same species, from Anodonta cygnea (L.) and Unio 
pictorum L., as Hypocomatophora unionidarum. Jarocki later (1934) pointed out 
that Hypocomatophora unionidarum was a synonym of Heterocineta anodontae. 

In his papers of 1934 and 1935 Jarocki described seven additional species of 
the genus Heterocineta ectoparasitic on fresh water gastropods: H. janicki, from 
Physa fontinalis (L.) ; H. lwoffi, from Viviparus fasciatus Miller ; H. chattont, from 
Radix ovata (Drap.) ; H. krzysiki, from Bithynia tentaculata (L.) ; H. maziarsku, 
from Coretus corneus (L.) ; H. turi, from Tropidiscus planorbis (L.) and Spiralina 
vortex (L.); and H. siedleckii, from Acroloxus lacustris (L.). In 1945 I de- 
scribed as Heterocineta phoronopsidis a ciliate from the tentacles of Phoronopsis 
viridis Hilton. This species is the only representative of the genus thus far de- 
scribed which is not a parasite of fresh water molluscs or of the annelid commensal 
Chaetogaster limnaei von Baer when the latter is associated with infected snails. 

On the fresh water prosobranch snails Goniobasis plicifera silicula (Gould) and 
Fluminicola virens (Lea) 1 have found two new species of Heterocineta which will 
be described herein as H. goniobasidis sp. nov. and H. fluminicolae sp. nov. I have 
also studied a species of Heterocineta from Physa cooperit Tryon which agrees with 
the original description of H. janickii. It seems advisable, for comparative pur- 
poses, and in view of the fact that Jarocki’s description of H. janickii is not accom- 
panied by illustrations, to include an account of the morphology of this form in the 
present paper. 

The genus Enerthecoma was proposed by Jarocki (1935) for a single species, 
E. properans, parasitic on the gills of Viviparus fasciatus. Although the original 
description of this species is quite adequate, it is not supplemented by illustrations, 
and the second installment of Jarocki’s “Studies on ciliates from fresh-water mol- 
luscs,” in which figures of E. properans and several other ciliates were to be pub- 
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lished, has not come to my attention. A ciliate which I have found to infest Vivi- 
parus malleatus (Reeve) apparently is identical with E. properans. This ciliate 
will be described and illustrated here. 


HETEROCINETA JANICKII JAROCKI 
(Figure 1; Plate I, Fig. 1) 


The body is elongated and flattened dorso-ventrally. The anterior end is attenu- 
ated, bent ventrally, and deflected slightly toward the left. The anterior one-half 
of the left margin is not quite so rounded as the right margin and typically is nearly 
straight or weakly indented. The body is widest a short distance behind the mid- 
dle and rounded posteriorly. The ciliary system, to be described presently, is dis- 
posed on a shallow concavity occupying the anterior two-thirds of the ventral sur- 
face; the dorsal surface and that part of the ventral surface posterior to the ciliary 
area are convex. Twenty living individuals from Physa cooperi ranged in length 
from 25 » to 324, in width from 12 to 15, and in thickness from 104 to 12 yn, 


Figure 1. Heterocineta janickii Jarocki. Distribution of ciliary rows, somewhat diagram- 
matic.! Ventral aspect. 


averaging about 30, by 14, by 11». The specimens of H. janickii from Physa 
fontinalis which were studied by Jarocki ranged in length from 23, to 32, in 
width from 12 » to 17 w, and in thickness from 10» to 13 p. 

The anterior end of the body is provided with a short contractile suctorial ten- 
tacle which enables the ciliate to attach itself to the epithelial cells of the host and 
to feed upon their contents. When fully extended the tentacle is about 34 to 4» 
(according to Jarocki about 4.5») in length. The internal tubular canal continuous 
with the tentacle is directed at first dorsally and then ventrally and obliquely toward 
the right side, and in specimens stained with iron hematoxylin can usually be traced 
for about one-half the length of the body. 

The ciliary system consists of eight longitudinal rows originating close to the 
base of the suctorial tentacle. The first four rows from the right side are approxi- 
mately one-half the length of the body. The remaining four rows become increas- 
ingly longer and terminate one behind the other a little to the left of the midline. 


' The text figures illustrating this paper aresbased on camera lucida drawings of specimens 
impregnated with silver nitrate by Klein’s method. 
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The longest row is about two-thirds the length of the body. The cilia are about 
6 » to 7 » (according to Jarocki about 5 » to 7») in length. While attached to the 
skin of the host the parasites are as a rule almost immobile, their cilia exhibiting 
only a feeble motion. When dissociated from the host Heterocineta janickii swims 
sluggishly, usually rotating on its longitudinal axis and tracing wide arcs with its 
attenuated anterior end. 

The cytoplasm is colorless and contains numerous small refractile granules in 
addition to food inclusions. One or more large food vacuoles are present in the 
posterior part of the body behind the macronucleus. The contractile vacuole is situ- 
ated near the middle of the body and opens to the exterior on the ventral surface. 
I have observed no permanent opening in the pellicle. 

The macronucleus is typically sausage-shaped and is located near the middle of 
the body or somewhat posterior to the middle. As seen in dorsal or ventral view 
the longitudinal axis of the macronucleus is placed obliquely to the longitudinal axis 
of the body. As seen in lateral view, the anterior end of the macronucleus is di- 
rected dorsally, while the posterior end is directed ventrally. In fixed and stained 
preparations the chromatin appears to be more or less homogeneous. In ten indi- 
viduals fixed in Schaudinn’s fluid and stained by the Feulgen reaction the macro- 
nucleus ranged in length from 7 » to 11 » and in width from 4» to 5 p. 

The micronucleus is ovoid or spherical and is situated near the dorsal surface 
anterior to or to one side of the macronucleus. In most fixed and stained specimens 
the chromatin is homogeneous, although in some it appears to be concentrated in 
peripheral granules. In ten individuals fixed in Schaudinn’s fluid and stained with 
iron hematoxylin the size of the micronucleus ranged from 1.4 by 1.4 to 1.64 
by 2 pu. 

Heterocineta janickii was present in very small numbers on the tentacles, mantle, 
and margins of the foot of most of the specimens of Physa coopert which I col- 
lected in a stream near Mt. Eden, California. The degree of infestation increased 
rapidly on snails kept in laboratory aquaria for a period of six weeks. 

Heterocineta janicku Jarocki 

Diagnosis: Length 25 »-32 w (according to Jarocki 23 4-32), average about 
30»; width 12 »-15 » (according to Jarocki 12 p-17 »), average about 14 »; thick- 
ness 10 uw-12 » (according to Jarocki 10 4-13 »), average about 11». The ciliary 
system consists of eight rows originating close to the base of the suctorial tentacle. 
The first four rows.from the right are about one-half the length of the body, while 
the remaining four rows become progressively longer and terminate one behind the 
other a little to the left of the midline. The longest row is about two-thirds the 
length of the body. Parasitic on the epithelium of the tentatles, mantle, and foot 
of Physa fontinalis (L.) (Warsaw |Jarocki]) and Physa cooperi Tryon (Mt. 
Eden, California). 


HETEROCINETA GONIOBASIDIS SP. NOV. 


(Figure 2; Plate I, Figs. 2, 3) 


The body is elongated and flattened dorso-ventrally. The anterior end is at- 
tenuated, bent ventrally, and deflected slightly toward the left. The anterior one- 
half of the left margin is not so rounded as the right margin and typically is nearly 
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straight or weakly indented. The body is widest at the middle or a short distance 
anterior to the middle. The ciliary system is disposed on a shallow concavity oc- 
cupying the anterior two-thirds of the ventral surface; the dorsal surface and that 
part of the ventral surface posterior to the ciliary area are convex. Twenty-five 
living specimens taken at random ranged in length from 36 » to 48 », in width from 
15y to 20, and in thickness from 11, to 144, averaging about 43 by 184 
by 13 p. 

The anterior end is provided with a contractile suctorial tentacle continuous with 
an internal tubular canal. The nature of the canal is very similar to that of other 
members of the genus. It is directed at first dorsally and then ventrally and ob- 
liquely toward the right side of the body. It can be traced in most fixed specimens 
stained with iron hematoxylin for about one-half to two-thirds of the length of the 
body. 


Ficure 2. Heterocineta goniobasidis sp. nov. Distribution of ciliary rows, somewhat 
diagrammatic. Ventral aspect. 


The cilia of H. goniobasidis are about 9» long. Those of the anterior part of 
the ciliary system are markedly thigmotactic. The ciliary system consists of ten 
longitudinal rows. The first six rows are approximately the same length, being 
about one-half the length of the body, although on careful examination the first 
row is seen to originate some distance posterior to the level of origin of the other 
five rows. The seventh, eighth, ninth, and tenth rows originate progressively more 
posteriorly and become increasingly longer, terminating one behind the other a little 
to the left of the midline. The longest row is two-thirds to three-fourths the length 
of the body. The last one or two rows usually originate on the left margin and 
curve ventrally as they extend backward. The cilia of the distal portions of the 
longer rows are nearly always practically motionless and directed posteriorly. When 
dissociated from the host the ciliate swims sluggishly and erratically, rotating on its 
longitudinal axis. 

The cytoplasm is colorless and contains numerous refractile granules of a lipoid 
substance in addition to food inclusions. There are usually one or two large food 
vacuoles in the posterior part of the body behind the macronucleus. The contractile 
vacuole is central and opens to the exterior on the ventral surface. 
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The macronucleus is situated in the middle portion of the body. It is elongated 
and typically somewhat narrower at its anterior end than at its posterior end. As 
seen in dorsal or ventral aspect, the longitudinal axis of the macronucleus is placed 
obliquely to the longitudinal axis of the body. As seen in lateral view, the anterior 
end of the macronucleus is directed dorsally, while the posterior end is directed 
ventrally. In ten individuals fixed in Schaudinn’s fluid and stained with iron 
hematoxylin the macronucleus ranged in length from 10, to 13.5 and in width 
from 4» to 5 p. 

The spherical or ovoid micronucleus is very difficult to distinguish in the living 
ciliates. It is usually situated near the dorsal surface a short distance anterior to 
the macronucleus. In fixed and stained preparations the micronucleus is vesicular, 
the chromatin being concentrated along the periphery. In ten individuals fixed in 
Schaudinn’s fluid and stained with iron hematoxylin the micronucleus ranged in 
size from 1.2» by 1.5 to 1.54 by 1.7 p. 

Heterocineta goniobasidis was found to be present on the epithelium of the gills 
and mantle of a small percentage of the specimens of Goniobasis plicifera silicula 
which I collected in Crystal Springs Creek, in Portland, Oregon. The degree of 
infestation on freshly collected snails was very low, but increased during the four 
weeks the specimens were kept in laboratory aquaria. 


Heterocineta goniobasidis sp. nov. 

Diagnosis: Length 36 u-48y, average about 43; width 15 y-20y, average 
about 18; thickness 11 »—-l4y, average about 13. The ciliary system is com- 
posed of ten rows. The first six rows from the right side are about one-half the 
length of the body and, with the exception of the first row, originate close to the 
base of the suctorial tentacle. The remaining rows originate progressively more 
posteriorly and become increasingly longer, terminating one behind the other a little 
to the left of the midline. The longest row is two-thirds to three-fourths the length 
of the body. Parasitic on the gills and mantle of Goniobasis plicifera silicula 
(Gould) (Portland, Oregon). Syntypes are in the collection of the author. 


HETEROCINETA FLUMINICOLAE SP. NOV. 
(Figure 3; Plate I, Fig. 4) 


The body is elongated and flattened dorso-ventrally. The anterior end is at- 
tenuated, bent ventrally, and deflected slightly toward the left. The anterior part 


EXPLANATION OF PLATE I 


All figures except Figure 2 have been prepared with the aid of a camera lucida. 


Ficure 1. Heterocineta janickti Jarocki. Ventral aspect. Schaudinn’s fixative-iron hema- 
toxylin. X 1,720. 

Ficure 2. Heterocineta goniobasidis sp. nov. Lateral aspect from left side, from life. 

Ficure 3. Heterocineta goniobasidis sp. nov. Ventral aspect. Schaudinn’s fixative-iron 
hematoxylin. 1,720. 

Ficure 4. Heterocineta fluminicolae sp. nov. Ventral aspect. Schaudinn’s fixative-iron 
hematoxylin. X 1,720. 

Figure 5. Enerthecoma properans Jarocki. Macro- and micronuclei from three specimens. 
Schaudinn’s fixative-Feulgen reaction. 1,720. 

Figure 6. Enerthecoma properans Jarocki. Ventral aspect. Schaudinn’s fixative-iron 
hematoxylin. X 1,720. 
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of the left margin is not so rounded as the right margin and typically is weakly 
indented. The body is widest a short distance behind the middle and rounded 
posteriorly. The ciliary system is disposed on a shallow concavity occupying the 
major portion of the ventral surface; the dorsal surface and that part of the ventral 
surface posterior to the ciliary area are convex. Twenty-five living individuals 
taken at random ranged in length from 30, to 36, in width from 13 » to 17 p, 
and in thickness from 10, to 12, averaging about 33 by 154 by 114. 

The anterior end is provided with a contractile suctorial tentacle continuous 
with an internal tubular canal. The canal is directed at first ventrally and then 
obliquely toward the right side of the body. It can be traced in most fixed speci- 
mens stained with iron hematoxylin for about one-half the length of the body. 

The cilia of H. fluminicolae are about 6p or 7 long. Those of the anterior 
part of the ciliary system are strongly thigmotactic. The ciliary system consists of 
ten longitudinal rows. The first row on the right side of the ciliary complex origi- 


f 
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Ficure 3. Heterocineta fluminicolae sp. nov. Distribution of ciliary rows, somewhat 
diagrammatic. Ventral aspect. 


nates close to the base of the suctorial tentacle; each of the remaining rows origi- 
nates progressively more posteriorly. The first six rows from the right side are 
approximately the same length, being about two-thirds the length of the body. The 
last four rows become increasingly longer and incurved in such a way that they 
terminate one behind the other not far to the left of the midline. The longest row 
usually extends almost to the posterior end of the body. The cilia of the distal 
portions of these longer rows are usually directed posteriorly. When the ciliate is 
dissociated from the host it swims erratically, rotating on its longitudinal axis and 
tracing wide arcs with its anterior end. 

The cytoplasm is colorless and contains numerous small refractile granules of 
a lipoid substance in addition to food inclusions. One or more large food vacuoles 
are usually present in the posterior part of the body behind the macronucleus. The 
contractile vacuole is central and opens to the exterior on the ventral surface. I 
have not observed a permanent opening in the pellicle. 

The sausage-shaped macronucleus is situated dorsally a short distance behind 
the middle of the body with its longitudinal axis placed obliquely to the longitudinal 
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axis of the body. In fixed and stained preparations the chromatin appears to be 
more or less homogeneous. In ten individuals fixed in Schaudinn’s fluid and 
stained with iron hematoxylin the macronucleus ranged in length from 7.4 » to 104 
and in width from 3.9 » to 4.4 p. 

The micronucleus is round, fusiform, or ovoid, and is usually placed dorsally 
near the middle of the body anterior to or to one side of the macronucleus. In 
fixed and stained specimens the chromatin is seen to be concentrated primarily along 
the periphery. In ten individuals fixed in Schaudinn’s fluid and stained with iron 
hematoxylin the micronucleus ranged in size from 1.5 by 1.24 to 1.7 by 1.5 pn. 

Heterocineta fluminicolae was present in small numbers on the epithelium of the 
gills and the edge of the mantle of nearly all specimens of Fluminicola virens which 
I collected in Crystal Springs Creek in Portland, Oregon. 


Heterocineta fluminicolae sp. nov. 


Diagnosis: Length 30 u—36 p, average about 33 »; width 13 »—-17 p, average about 
15; thickness 10 »-12 yp, average about 11. The ciliary system is composed of 
ten rows originating progressively more posteriorly from the right side to the left. 
The first six rows from the right side are about two-thirds the length of the body. 
The remaining four rows become increasingly longer and terminate one behind the 
other a little to the left of the midline. The longest row extends almost to the pos- 
terior end of the body. Parasitic on the gills and mantle of Fluminicola virens 
(Lea) (Portland, Oregon). Syntypes are in the collection of the author. 


ENERTHECOMA PROPERANS J AROCKI 
(Figure 4; Plate I, Figs. 5, 6) 

The body is elongated, nearly symmetrical as seen in dorsal or ventral view, at- 
tenuated anteriorly, and flattened dorso-ventrally. The anterior end is bent ven- 
trally and deflected inconspicuously toward the left. The ciliary system is disposed 
on a narrow, relatively flat area occupying the anterior two-thirds of the ventral 
surface; the dorsal surface and that part of the ventral surface posterior to the 
ciliary area are convex. The body is widest at a point about two-thirds the dis 
tance from the anterior end to the posterior end. Twenty-five living individuals 
taken at random from Viviparus malleatus ranged in length from 32 to 56y, in 
width from 13, to 21 », and in thickness from 10» to 13 yp, averaging about 44 p 
by 18 by 11.54. Specimens from Viviparus fasciatus which were measured by 
Jarocki ranged in length from 33 » to 60 », in width from 15 » to 22 p, and in thick- 
ness from 10 to 13 pn. 

The contractile suctorial tentacle is continuous with an internal tubular canal 
which is directed at first dorsally and then ventrally and obliquely toward the right 
side of the body. In specimens stained with iron hematoxylin the canal can usually 
be traced for about two-thirds or three-fourths the length of the body. 

The ciliary system is composed of eight approximately equal rows about two- 
thirds the length of the body. These rows originate close to the base of the suc- 
torial tentacle. The first five rows from the right side are usually a little more 
widely spaced than the last three rows. This was noted also by Jarocki. who stated 
that the ciliary system was separated into two complexes by an “inconsiderable 
eminence stretching from the base of the tentacle to the end of the system,” which 
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segregated the five rows on the right from the three rows on the left. This eminence 
was evident on many of the living specimens which I examined but is never con- 
spicuous. The cilia of E. properans are about 9» in length and exhibit a feeble 
undulatory motion while the parasites are attached to the epithelium of the gills of 
the host. When dissociated from the host the ciliates swim slow and erratically, 
usually retating on their longitudinal axes. 

The cytoplasm is colorless and contains numerous small refractile granules ot 
a lipoid substance in addition to food inclusions. One or more larger food vacuoles 
are usually present in the posterior part of the body. The contractile vacuole is 
situated a short distance behind the middle of the body and opens to the exterior 
on the ventral surface. I have not detected a permanent opening in the pellicle. 

The macronucleus is typically sausage-shaped and is situated in the posterior 
half of the body with its longitudinal axis placed obliquely to the longitudinal axis 


Figure 4. Enerthecoma properans Jarocki. Distribution of ciliary rows, somewhat 
diagrammatic. Ventral aspect. 


of the body. In specimens stained with iron hematoxylin the chromatin appears 
to be more or less homogeneous, but in preparations stained by the Feulgen re- 
action it appears to be organized into a dense reticulum enclosing vacuole-like clear 
spaces of varying size. In ten individuals fixed in Schaudinn’s fluid and stained 
by the Feulgen reaction the macronueleus ranged in length from 10, to 19 and 
in width from 4 » to 7 n. 

The micronucleus is situated anterior to or to one side of the macronucleus. 
In most of the individuals of E. properans which I examined, the micronucleus is 
elongated and more or less fusiform. I have observed very few specimens to have 
a round micronucleus such as that described by Jarocki. The micronucleus does 
not stain readily with iron hematoxylin and it is possible that Jarocki may have 
mistaken food inclusions for micronuclei. In specimens stained by the Feulgen 
reaction the chromatin of the micronucleus appears to be concentrated in peripheral 
granules or strands. In ten individuals fixed in Schaudinn’s solution and stained 
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by the Feulgen reaction the micronucleus ranged in size from 0.8» by 2.3 to ly 
by 3.8 p. 

Enerthecoma properans was abundant on the gills of nearly all specimens of 
Viviparus malleatus which I collected in Stow Lake, San Francisco, California, 
and in Evans Lake, Riverside, California. It is undoubtedly a common parasite 
of this introduced snail wherever the latter has become established. 


Enerthecoma properans Jarocki 


Diagnosis: Length 32 »-56 (according to Jarocki 33 »-60,), average about 
44; width 13 p21 (according to Jarocki 15 »-22), average about 18»; thick- 
ness 10 y-13 », average about 11.5. The ciliary system is composed of eight ap- 
proximately equal rows about two-thirds the length of the body which originate 
close to the base of the suctorial tentacle and occupy a narrow, relatively flat area 
on the ventral surface. The first five rows from the right are more widely-spaced 
than the remaining three rows, and in living specimens appear to be segregated 
from the latter by an inconspicuous longitudinal eminence. The macronucleus is 
elongated ; the micronucleus is typically elongated and more or less fusiform (ac- 
cording to Jarocki, spherical). Parasitic on the gills of Viviparus fasciatus Miller 
(Warsaw [Jarocki] ) and Viviparus malleatus (Reeve) (San Francisco, California ; 
Riverside, California). 
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The cyanide sensitivity of the unfertilized sea urchin egg. W. A. Rossier. 


Reinvestigation of the cyanide sensitivity of unfertilized eggs of Arbacia punctulata, using 
recently devised methods for the control of HCN concentration in manometric experiments, 
showed that there was a definite inhibition of respiration. The respiration is depressed by 
concentrations of HCN as low as 10° M., and for a four-hour period in 10% M. it is only 40 
per cent of the control value. There is complete inhibition for the first hour or more. In 4 per 
cent O.-96 per cent N, mixture there is no depression of the respiration of the control egg, but 
on the addition of 10* M. HCN the oxygen consumption is reduced, for a four-hour exposure, 
to 20 per cent of the control level. 

\t concentrations of cyanide higher than 10% M. there is apparently a stimulation in oxygen 
uptake. This is increased with high and reduced with low oxygen tensions. It is possibly 
associated with oxidations proceeding through a cyanide-hemin system, or with the metabolism 
of a carbohydrate intermediate catalyzed by HCN. 


Inhibition of fertilization in sea urchins by means of univalent antibodies vs. 
antifertilizin. ALBERT TYLER. 


In order to obtain further information as to the role of the specific interacting substance 
of eggs and sperm in fertilization, antisera were prepared against them by immunization of 
rabbits, and the antibodies tested for their ability to interfere with fertilization. The present 
report concerns tests with antibodies prepared against purified anifertilizin derived from sperm 
of the sea urchin Lytechinus pictus and the gephyrean worm Urechis caupo. The antisera ag- 
glutinate the species sperm to high titer, but cannot be used directly to test for specific action on 
fertilization, since the mechanical effect of tying up the sperm would itself constitute a block to 
fertilization. However, by a previously described method, namely photo-oxidation, antibodies 
can be converted into a non-agglutinating form, termed “univalent.” This treatment was, 
therefore, applied to the anti-antifertilizin sera and the “univalent” antibodies thus obtained 
were tested for possible action on the ability of the sperm to fertilize eggs of the same species. 
[he results showed a considerable reduction in fertilizing power of the sperm, ranging in dif- 
ferent tests from 32-fold to greater than 128-fold. At the same time, the motility of the treated 


sperm was found to be quite as high as the controls. 


Jury 16 


Intermediate steps in the visual cycle. A. F. Butss. 


The primary functions of a visual pigment are absorption of radiant energy and its transfer 
to the stimulatory mechanism of the visual cell. At present four such pigments are known: 
rhodopsin and porphyropsin, the photosensitive pigments of vertebrate night vision; iodopsin, 
the corresponding pigment of daylight vision; and cephalopsin, the photostable red pigment of 
cephalopods and probably other invertebrates (J. Gen. Physiol., 1943). Instability in the light 
has generally been accepted as a diagnostic test for a visual pigment. The existence of a light- 
stable visual pigment in the squid however throws doubt on the validity of this assumption. 

The bleaching by light of vertebrate visual pigments is nevertheless an interesting and 
complex process which has not been adequately analyzed into its component steps. The first 
known product of bleaching visual purple is a thermally unstable complex lipid, called Tran- 
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sient Orange by Lythgoe and Provisual Red by Krause. Its sluggish reaction to base and tem- 
perature near 0° C. suggest that it is the acid tautomer of the first relatively stable product of 
bleaching, appropriately named Indicator Yellow by Lythgoe. Acid Indicator Yellow is a red 
lipid, becoming reversibly decolorized in base, and irreversibly converted in chloroform to the 
greenish yellow carotenoid retinene, extracted by Wald from freshly bleached frog retinas. If 
bleached retinas are allowed to stand an hour before extraction, retinene is no longer found. 
Instead an equivalent amount of vitamin A is extracted. Retinene, however, is not the precursor 
to vitamin A, but is due to the irreversible side reaction described above. In the normal retina 
and in fresh neutral solution Indicator Yellow forms vitamin A under the influence of a labile 
protein, the reaction being presumbaly enzymatic in nature. In the dark, dissolved rhodopsin 
is reformed in part from Indicator Yellow. In the living animal the vitamin A released by 
bleaching is reincorporated into rhodopsin by unknown means. 


Mr. W.H. Price. No abstract submitted. 


The dependence of the resting potential of nerve on potassium, calcium, and 
hydrogen ions.* ABRAHAM M. SHANES. 


On the basis of new as well as recent experimental results it now appears possible to de- 
scribe a specific mechanism necessary and sufficient to account for the relationships between the 
resting potential and metabolic processes in frog nerve. Cellular hydrogen ion production ac- 
companied by an exchange with extracellular potassium ions is apparently involved; under the 
conditions of study this process contributes about 50 per cent of the total resting potential. 
Calcium reduces the rate of ionic exchange, an effect of possible importance in the energy ex- 
penditure necessary to maintain concentration gradients and associated potentials. 

The evidence consists of demonstrating first that hydrogen ions from (1) CO, produced 
by nerve, (2) CO, applied to nerve, and (3) lactic acid and possibly other sources of acid within 
the fibers are directly concerned with the production and maintenance of the potentials. This 
has been possible chiefly with the aid of inhibitors of carbonic anhydrase—sulfanilamide and 
thiophene-2-sulfonamide—by means of which the role of hydrogen ions can be followed during 
anoxia, upon return to oxygen following anoxia, and to some extent during relatively normal 
aerobic conditions. The changes of potential associated with the application of CO,-O, mix- 
tures and related experiments show that the effectiveness of the hydrogen ions is dependent on 
the ionic gradients established. 

The involvement of extracellular potassium is demonstrated by the suppression in its ab- 
sence of the changes in potential normally produced by CO,. This effect is used to show, iur- 
ther, that the potassium in the extracellular spaces is reduced by the rapid large increase in 
potential induced by the return of the anoxic nerves to oxygen. A small secondary decline of 
potential which follows the rise in CO, and which is independent of extracellular buffering is 
also dependent on extracellular potassium, which suggests that the dense connective tissue or 
the other sheathing materials of nerve are interfering with the potassium exchange between the 
extracellular space immediately adjacent to the fibers and that more remote. 

Calcium slows the rate of potential rise upon application of CO, and this effect is directly 
related to calcium concentration; in view of the above results and available evidence, this is 
interpreted as an effect on ionic exchange. At lower concentrations calcium depresses to almost 
the same degree the potential changes in response to oxygen following anoxia and to CO,; 
higher calcium concentrations, known to suppress the metabolic processes, exert a more marked 
effect on the former. 

These results therefore focus attention on factors important in the production and modifica- 
tion of the resting potential. The action of any agent on the potential must be considered from 
several possible standpoints: (1) inhibition or activation of metabolism or of carbonic anhy- 
drase, (2) production of hydrogen ions, (3) production of a membrane diffusion potential, (4) 
modification of equilibrium or membrane diffusion potentials. The experimental procedures 
which have been applied provide means of distinguishing these possibilities. In view of the 
conclusions reached, these methods should also prove useful in studies of the “potassium pump” 
and of the biochemical processes concerned with CO, production and fixation in relatively intact 
cells, both are problems of considerable interest at the present time. 


* Aided by a grant from the Penrose Fund of the American Philosophical Society. 
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Dr. J T. Bonner. No abstract submitted. 
Jury 23 


Oxidation-reduction studies as a clue to the mechanism of fertilization of marine 
eggs. Matitpa M. Brooks. 


Eggs, sperm, and larvae at stages up to pluteus of three marine animals (Arbacia punctu- 
lata, Asterias Forbesii and Chaetopterus pergementaceus) were measured for E, and Ph. The 
egg, sperm or larvae were centrifuged and 1 cc. of the mass used for measurement in a glass 
vessel in the Coleman electrometer. It was found that there is a definite correlation between 
the rate of O, consumption and the redox potential of these cells. It was also found that the 
redox potential of sea water, as diluted by hypertonic NaCl, CaCl., MgCl., butyric acid or su- 
crose, became more negative than that of sea water alone. These facts were used as a basis 
for the hypothesis that a proper redox potential or ratio of oxidants to reductants of the respira- 
tory enzymes was necessary for producing fertilization of the egg. The hypothesis as presented 
states that the redox potential of the external solution or sperm as compared with that of the 
exterior of the egg itself is an important factor in producing fertilization of the egg. 

From the results with KCN in sea water which produced fertilization membranes but not 
cleavage, it was concluded that the formation of the fertilization membrane is not associated 
with oxidations, and appears rather to be due to change in the physical aggregation of some 
proteins at the surface of the egg or to a denaturation process occurring as the redox potentials 
is changing. 


Dr. C. L. YNtEmMa. No abstract submitted. 
Jury 30 


The action of napthoquinone antimalarials on respiratory systems. CHRISTIAN 
B. ANFISEN AND Eric G. BALL. 


In confirmation of the findings of Wendel (unpublished reports) a series of 2-hydroxy-3- 
alkyl-naphthoquinones have been found to exert a powerful inhibitory effect on the respiratory 
metabolism of the malarial parasite. The most powerful tested to date is the compound 2- 
hydroxy-3 (2-methyl-octyl ) -naphthoquinone-1,4 (M-285) which, at a level of 1 mg./liter in- 
hibits Plasmodium knowlesi respiration 60 per cent. In experiments to localize the site of at- 
tion of M-285 in the main respiratory chain of enzymes it was found that p-phenylene-diamine 
oxidation, requiring only the cytochrome system, was not inhibited by the drug, while the oxida- 
tion of succinate to fumarate by succinic oxidase prepared from beef heart was completely in- 
hibited at about 1 mg./liter. The drug, therefore, appears to inhibit at an oxidation-reduction 
potention level below that of cytochrome C. Succinic dehydrogenase activity, as measured by the 
Thunberg methylene blue technique, was only very slightly diminished even at high drug con- 
centrations. Similarly, the respiration of both fertilized and unfertilized eggs of Arbacia punc- 
tulata, neither presumably containing succinic dehydrogenase, was inhibited strongly at levels 
as low as 0.1 mg./liter (2 X 10% M.).This enzyme, therefore, does not seem to be the inhibited 
system. A number of flavoproteins including d-amino acid oxidase and xanthine oxidase, as 
well as several systems involving the mediation of the pyridine nucleotides, showed no decrease 
in activity in the presence of the drug. 

It appears possible that the naphthoquinones under study are inhibiting a hitherto un- 
detected enzyme or enzyme group in the main chain of oxidative metabolism having an E. below 
that of cytochrome C and above that of the flavoproteins. 


Chemical sense and taste in the Sea Robin, Prionotus. Ernst SCHARRER. 


The differentiation of taste and chemical sense is partly based on the concept that chemical 
sensitivity can evoke only negative or defensive reactions; positive reactions to food are medi- 
ated by the sense of taste (Kappers, Huber, Crosby, 1936, p. 347). Observations in the sea 
robin, Prionotus, do not support this conclusion. Prionotus possesses three free fin rays. Their 
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epithelium is innervated by spinal nerves; taste buds are absent. The afferent fibers end in 
accessory lobes on the dorsal surface of the cephalic end of the spinal cord. Secondary fibers 
from these lobes which represent the greatly enlarged dorsal horns, ascend cephalad to the 
funicular nucleus from which fibers pass ventromedially, crossing in the ventral commissure, 
and ending in the contralateral ventral horn. When the free fin rays of blinded and sufficiently 
hungry sea robins are stimulated with extracts of clams or crabs the animals react positively by 
turning to and snapping in the direction from where the juice comes. Positive reactions to 
chemical stimuli are mediated in this case by spinal nerves and in the absence of taste buds. 
The differentiation between chemical sense and taste can, therefore, be based only on the inner- 
vation and the presence or absence of taste buds. The reaction of the animal cannot be used 


as a criterion. 










Studies of the respiration of the imaginal discs of Drosophila using the Cartesian 
diver ultramicrorespirometer. CLAUDE A. VILLEE. 









A determination of the effects of a mutant gene on the metabolic activity of a particular 
group of cells provides a basic approach to the analysis of gene action in development. In 
most animals it is impossible to locate exactly the cells which will give rise to a particular 
structure, but in Drosophila each organ develops from a discrete group of cells, an imaginal 
disc, which can be dissected out of the larva. The rate of respiration of wing and leg 
discs from wild, “miniature” wing, and “vestigial” wing stocks were determined by the 
Cartesian diver ultramicrorespirometer and their weights measured by the quartz fiber balance 
of Lowry. The legs of the adults of all three stocks are normal, the wings of adult “miniature” 
flies are about two-thirds normal size but of normal shape, and the wings of adult “vestigial” 
flies are small misshapen stumps, less than one-quarter the size of the normal wing. At each 
of several stages studied, before, at and after pupation, the Qo, of wild type discs and the leg 
discs of all stocks used varied only slightly from 20 cu. mm. O, per hour per milligram of 
tissue. The Qo, of “miniature” wing discs was 18 and of “vestigial” wing discs 9 cu. mm. O, 
per hour per milligram of tissue. The weights of “vestigial,” “miniature” and wild type wing 
discs are the same at corresponding developmental stages in the larvae and early (1-2 hour) 
pupae. The discs contain considerable reserves of substrate and will respire in the divers 
twelve hours or more. The mutant genes. “vestigial” and “miniature” produce their effects 
by altering the rate of some chemical reaction in the wing disc of the larva which is reflected 
by a lowered rate of oxygen consumption. These results do not mean that the “miniature” 
and “vestigial” genes affect the same chemical reaction in development to a different extent 
but rather that in affecting different processes they each lower the overall metabolic rate of the 
disc. The metabolism of the leg discs, and probably of the other discs as well, is not changed, 
although the cells contain the mutant gene. The “vestigial” and “miniature” genes therefore 
produce their physiological as well as their morphological effects only in certain cells of the 
body, presumably due to the interaction of the gene or gene products with specific components 
of the cytoplasm of those cells. 
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The specificity of chlorine esterase. Puitie B. ARMSTRONG. 





The relative rates of hydrolysis of choline esters acting at the nerve terminations in the 
sphincter pupillae of the turtle could be inferred by determining the relative potentiations by 
eserine of threshold concentrations for pupillary constriction of the choline esters. A com- 
parison of the potentiations in vivo with the relative hydrolysis rates of the choline esters 
by the purified specific choline esterase in vitro indicates that the enzyme as it functions in vivo 
is as specific if not more so than in vitro. The choline ester substrate concentrations im vivo 
at which eserine was effective were much lower than those for effective substrate hydrolysis 
im vitro. 










Dr. T. H. Buttock. No abstract submitted. 
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The endocrine role of the corpora allata in insects. Berta SCHARRER. 


In Leucophaea maderae (Orthoptera) extirpation of the corpora allata at nymphal stages 
earlier than the last causes an abbreviation of development (suppression of molts) which results 
in animals with adult-like characters (“adultoids”). In operated seventh instars the following 
nymphal molt is suppressed, and the animals emerge as adultoids, resembling normal adults 
except for their smaller size and comparatively shorter wings. Allatectomized sixth or fifth 
instars result in “pre-dultoid” stages which show less adultoid differentiation and require an 
additional molt before becoming adultoids. In the adult insect the corpora allata are necessary 
for the development of the eggs. In females allatectomized shortly after the beginning of a 
reproductive cycle the eggs do not develop appreciably beyond the stage typical of the ovary 
at the time of operation. The accessory sex glands in these operated females show little or no 
sign of secretion in contrast to normal control glands. Reimplantation of the corpora allata 
into allatectomized females causes the eggs and the nymphs hatching from them to develop 
as normally as those of unoperated animals. In a series of experiments in which the time of 
allatectomy is varied it can be demonstrated that the corpora allata are necessary throughout 
the period of growth and yolk deposition which constitutes about the first third of the total 
period required for the development of the eggs. The corpora allata are apparently not essential 
for the reproductive activity of male Leucophaea. Allatectomized males when mated with 
normal virgin females are capable of fertilizing the eggs. 


Contrasts between visible and dominant lethal mutation rates in x-rayed Habro- 
bracon eggs. ANNA R. WuitiNnG AND H. C. GEorceE. 


Senior author has previously reported that eggs x-rayed in late metaphase I have lethal dose 
about 2,000 r and one-hit dose-hatchability curve. Death appears to be due to terminal deletions. 
Eggs x-rayed in prophase I have lethal dose about 45,000 r and complex dose-hatchability curve. 
Death appears to be due to several factors, including translocations and inversions. Majority of 
lethal effects in both stages are dominant. Recently, two groups of females were treated with 
doses giving about 90 per cent mortality, one with 1,120 r for metaphase I and the other with 
28,000 r for prophase I. They were then crossed with untreated males and their daughters were 
tested for heterozygosis for visible mutations. F, 92 heterozygous was 2.11 per cent for eggs 

: F, 92 tested 

treated in metaphase I, 12.69 per cent for eggs treated in prophase I. By x? test there is less 
than one chance in one hundred that these stages belong to same class in respect to visible muta- 
tion rate although they have same dominant lethality rate. This strengthens theory of terminal 
deletions (which would not produce visibles) as most common response to x-rays of metaphase 
I. Visibles produced in metaphase I are probably genic and their low percentage is what 
would be expected at low doses tolerated by this stage. Most visibles from treated prophase 
I are probably also genic although a few may be due to position effects of translocations or 
inversions. Their high percentage is possible because of high doses tolerated. 


Avucust 13 


A new factor from the adrenal influencing fat deposition in the liver. KATHERINE 
A. BROWNELL. 


Starvation in the normal mouse leads to a large deposition of fat in the liver. This fails 
to occur after adrenalectomy. With these facts as a basis we have developed a test for a fat 
factor in various fractions prepared from ox adrenals. 

The method is briefly as follows: Adrenalectomized mice are fed for 24 hours then fasted 
for 24 hours. During this 48-hour period they are injected every 6 hours with 0.2 cc. of the 
preparation to be tested. Two to 3 hours after the final injection the livers are removed and 
the total lipid determined gravimetrically 

Over 30 fractions from the adrenal gland including crystalline compounds have been tested 
by this method. The table shows results on adrenalectomized untreated animals, two fractions, 
a whole extract from which these fractions were taken and three crystalline compounds already 
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proven to have glyconeogenic potency. Both fractions are crude, being specific in only one 
respect—namely, that the carbohydrate factor fraction has no electrolyte potency and the sodium 
factor fraction no glyconeogenic potency. The only fraction that gave a highly significant 
response was that containing the carbohydrate factor. The low response given by whole 
extract, we attribute to inhibiting substances, three of which have been tested. 

Since the liver fat response was given almost exclusively by the carbohydrate factor 
fraction, some of the crystalline compounds having glyconeogenic properties were tried to de- 
termine whether or not they were responsible. The table shows that the only one used which 
gave a significant response was dehydrocorticosterone; a 25 per cent increase over the control 
level and in order to obtain this response two and one half times as much pure substance (0.96 
mgm.) was used as that estimated to be present in our carbohydrate factor fraction (0.35 
mgm.). The other two compounds, corticosterone and 17-hydroxy-11-dehydrocorticosterone, 
gave liver fat responses only on the borderline of significance and to obtain even these small 
responses two to two and one half times as much material was used as that estimated to be 
present in the carbohydrate factor fraction. The fourth known glyconeogenic compound, 
hydroxycorticosterone, we were unable to test on account of lack of material. 

There remain two possibilties: (1) that hydroxycorticosterone is the fat factor. If so, 
the effect on fat metabolism is a new property. (2) There is in the carbohydrate factor fraction 
a new factor regulating fat deposition in the liver. 


Effect of adrenal fractions on deposition of fat in the liver 


Treatment No. of animals Total lipid per cent Increase per cent 
Adect. untreated 29 6.31 — 
Carbo. factor fraction * 8.42 33 
No factor fraction * 6.74 9 
Whole extract * 7.13 13 


Dehydrocorticosterone f 7.87 25 
Corticosterone f 7.11 13 
17-hydroxy-11-dehydrocorticosterone + 6.87 9 


* The extracts represent 300 gm. of tissue per cc. 
¢ The solutions of crystals represent 0.6 mgm. solid per cc. 


Hyperactivity of the adrenal cortex. FRANK A. HARTMAN. 


At rest or under conditions of minimal activity there is a basal secretion of adrenal cortical 
hormones. In response to various stresses such as exercise, exposure to cold, trauma, anoxia, 
and poisons, there is an increase in output of the hormones which subsides after the stimulus dis- 
appears. After removal of a large proportion of both adrenals by enucleation, in the mouse, a 
considerable rise in the basal secretion occurs. This higher level of secretion is maintained for 
months. The following table illustrates these changes. Fat and glycogen (as sugar) in the 
liver were determined after 24 hours’ starvation. 


Values indicating changes in hormone production after 
enucleation of both adrenals 

Total lipid Glycogen 

per cent per cent 
Normal 8.5 0.12 
Adrenalectomized 6.3 0.04 
Enucleated 2 days 6.6 — 
Enucleated 7 days 11.8 0.24 
Enucleated 15 days 10.0 
Enucleated 29 days 


— 0. 
Enucleated 99 days 10.0 
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The wide difference in time at which the peaks for the production of the fat factor and car- 
bohydrate factor occur, is evidence that the two factors are not identical. 

By enucleation we removed an average of 75 per cent of the adrenal tissue. Less than 25 
per cent of the active tissue remained since the circulation was disturbed and this 25 included the 
capsule. Thirteen days after enucleation the adrenals averaged 0.69 per cent of the body weight 
which is one-half the normal weight. Removal of cortical tissue probably reduces the in- 
hibitory effect on the adrenotrophic hormone production by the pituitary so that after a lag 
of three or four days there is sufficient recovery of the remaining cortices to respond to the in- 
creased output of adrenotrophic hormone. However, the new level of cortical hormone pro- 
duction does not return the adrenotrophic output to the old level. Thus a higher basal level is 
established. The performance of a relatively small number of cortical cells indicates a large fac- 
tor of safety. This capacity of cortical cells for sustained activity in disease where a large 
proportion of cortical tissue is destroyed is important in prolonging life. 

There is now evidence for three mother hormones secreted by the adrenal cortex; the fat 
factor, the carbohydrate factor, and the sodium factor. 


Studies on the mechanism of alloxan action. ARNotp LazaRow AND STANLEY 
LEVEY. 


A number of compounds related to alloxan were synthésized and tested for their diabetogenic 
effect. These compounds were injected intraperitoneally into rats in high doses and the blood 
sugar was determined at 0, 1, 3, 8, 24, 48, and 72 hours after injection. Alloxan, N-methy! 
alloxan, and alloxantin which dissociates into alloxan all produced diabetes. N-N-dimethyl 
alloxan was toxic and, therefore, could not be injected in doses equivalent to that required for 
the production of diabetes with alloxan. Since alloxan is a ureid of mesoxalic acid, some deriva- 
tives were prepared in which the urea or mesoxalic acid portions of the molecule were intact. 
None of these (mesoxalamide, mesoxalic acid, dimethyl mesoxylate, or diacetyl urea) produced 
diabetes in the doses used. Freshly prepared dialuric acid, alloxanic acid, and barbituric acid 
did not produce diabetes; whereas, dialuric acid which was allowed to stand overnight was di- 
abetogenic. (This is interpreted as oxidation of dialuric acid to alloxan by molecular oxygen.) 
Slight alterations in the structure of alloxan abolish its diabetogenic effect. 

It has been reported by other investigators that alloxan combines with sulfhydryl groups of 
proteins and that on injection it produces a rapid drop in the blood and tissue glutathione. Since 
one of us has shown that injection of glutathione or cysteine immediately preceeding a diabetogenic 
dose of alloxan completely protected the animals-from diabetes ; and since others have shown that 
pancreas contains less glutathione than do other tissues; it was suggested that variations in 
tissue glutathione may determine the selectivity of alloxan. Studies are now being carried out 
to determine the glutathione content of the beta cells of the pancreas which are selectively de- 
stroyed by alloxan. 


Biological specificity and the synthesis of native proteins. DorotHy WRINCH. 


4 common starting point for the discussion of biological specificity today is the assumption 
that biological function is an outward and visible sign of atomic pattern. Furthermore indications 
from many fields reinforce the old assumption that the native protein is the dominant structure 
type in all living systems. A vast number of physiological problems turn upon questions of 
atomic pattern, particularly such matters as (1) local stereochemical features and (2) the pres- 
ence of internal OH...O0, NH...O and NH...N bridges and of linkages dependent upon the 
presence of a foreign ion 

Of all these problems, the most fundamental is the synthesis of native proteins. We must 
presume that the power of native proteins to produce replicas of themselves depends in some 
basic way upon their structure, and that it is intimately related to the presence on native protein 
surfaces of ‘active patches’ to use Warburg's term, each of which functioning as a template or 
mold permits the laying down on itself of a complementary constellation. 

It is useful to notice that the associations of simple molecules within crystals offer many ex- 
amples of such complementary constellations, e.g., (1) hexamethylene tetramine, with pairs 
which are not identical associated about tetrahedrally related planes with a common three-fold 
axis and (2) the phosphotungstic acid 29-hydrate with identical (i.e., self complementary) con- 
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stellations associated about such planes with a common three-fold axis and, in addition, self-com- 
plementary constellations associated about cube planes with a common two-fold axis. 

Visualizing the formation of new ‘active patches’ on the surfaces of an already existing 
species of native protein molecules, we see that such new constellations comprise the material re- 
quired for the formation of a new and identical molecule if (1) the species carries complementary 
patches (which may be but need not be individually self-complementary) and (2) the molecule 
is wholly made up of such patches, i.e., is a surface structure. 

In order to have a mechanism whereby these isolated constellations on several different 
molecules may be integrated so as to interlock in the same spatial pattern as in the origina’ mole- 
cule, something has to be postulated as to the capacity of the original molecules to form a crystal. 
Thus for example, let us visualize a body-centered cubic lattice with molecules placed at the 8 
body-centers and the 6 cube corners nearest the origin, with the molecule at the origin missing. 
With the complementary constellations in position on each of the 8 +6 faces of the molecules 
turned to the origin, we have a situation in which interlocking, possibly in a number of distinct 
steps, could take place, the resulting molecule being a replica of the original molecule. This is 
but one example of a number of such possibilities, with the original molecules characterized by 
antipodal pairs of complementary patches. All, however, have in common the dependence upon 
the capacity of the original molecules to crystallize, an outstanding characteristic and most re- 
markable property of unnumbered native proteins. Similarly, all theories as to the formation 
of new native protein molecules by autocatalysis must, it would seem, have in common the picture 
of such molecules as surface structures, i.e., atomic fabric cages 


Aucust 20 


Naturally occurring polyploidy in the development of Allium cepa L. Dr. C. A. 
BERGER. 


One of the factors in the developmental pattern of Allium cepa is the formation of some 
tetraploid cells and their division as tetraploids. These cells are found throughout the cortex of 
the cotyledon and of the intermediate region between root and shoot. They are found in seed- 
lings between 20 and 40 mm. in length. They are never found in the root. During prophase of 
mitosis in tetraploid cells the chromosomes are closely paired and relationally coiled. The two 
members of each pair are united at a single undivided SA-region. These cytological details 
show that the chromosomes have not separated since the time of their formation. Since the pair- 
ing and relational coiling is present from earliest prophase the double chromosome reduplica- 
tion must have taken place during the resting stage immediately preceding the 4n division. At 
metaphase the tetrachromosomes undergo two successive divisions of the SA-region and ana- 
phase is normal. Since no tetraploid division figures were found with unpaired chromosomes it 
was concluded that only one division of these tetraploid cells occurs. 


Chick embryology at the medical schools of Ancient Greece. Tace U. H. EL- 
LINGER. 


Of the seventy titles comprising the Hippocratic Corpus, the most significant work, from 
a biological standpoint, is the lecture on embryology represented by the two texts On Semen and 
On the Development of the Child. It deals with human embryology from the formation of the 
semen to the birth of the child. The author is unknown, but he was not Hippocrates nor one 
of his followers. His work reflects the teachings of the medical school at Cnidos and of that 
of Empedocles whose influence is evident in doctrine as well as in scientific method and in the 
choice of vocabulary. This pre-Aristotelian author, who wrote in the last quarter of the fifth 
century B.C., at the time of Socrates, was indeed a very great scientist and a great teacher as well. 

To the modern reader perhaps the most amazing revelation is the use made of observations 
on chick embryology in explaining to the students the development of the human embryo. The 
following quotations are in the author’s translation. 

In chapter 13, the Greek physician after describing a “semen which had stayed six days in 
the womb and which fell out,” adds “A little later I will describe another test in addition to this 
one, that will enable anyone who seeks knowledge to see this for himself, as well as a proof that 
my whole discourse is correct, as far as that is possible for a mortal discussing such a matter.” 
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He returns to this topic in chapter 29: “Now I shall recount the crucial test, that I promised 
a little while ago to make known, which is as clear as possible to a human intelligence and makes 
plain to anyone who wants to be informed about it, that the semen is in a membrane and that the 
navel is in the middle of it, and that it first draws air in-and expels it outward,” (according to 
the Empedocles’ pneuma theory of differentiation) “and that there are membranes from the navel. 
You will also find the further growth of the child, as I have described it, to be from beginning 
to end, such as it is in my account, if you will apply the method of inquiry that I am about to 
describe. Take twenty eggs or more and give them to hatch to two hens or more; then on every 
day from the second to the last, that of hatching, remove an egg, break it and examine it. You 
will find that everything in it conforms with my statements, in so far as one can compare the 
growth of a bird with that of man. That there are membranes extending from the navel, and 
all my other statements about the child, you will find illustrated from beginning to end in the 
hen’s egg; and he who has not yet made these observations will be surprised that there is a 
navel in a hen’s egg. Such are the facts, and such is my account of them.” 

Again in chapter 30, the Greek author advances chick observations to illustrate and explain 
conditions in man. He states: “Now in proof of my theory, that it is the lack of nourishment 
that causes the child to come forth, provided it suffers no violence, I offer the following evidence. 
The bird develops from the yolk of the egg in the following way. Under the brooding mother 
the egg is heated and the content of matter inside receives the impulse to development from the 
mother. When the content of the egg is heated, it forms air and attracts other cold air from 
the atmosphere through the egg; for the egg is porous enough to admit the attracted air in 
sufficient quantity to the matter inside. The bird grows in the egg and is differentiated in the 
same or in a similar way to the child, as I have already said above. It develops from the yolk, 
but it receives its nourishment and material for growth from the white that is in the egg. This 
was at once apparent to all those who have given attention to it. Whenever nourishment from the 
egg is insufficient for the chick, then, not having sufficient nourishment to live on, it moves vio- 
lently in the egg seeking more nourishment, and the membranes about it burst. When the mother 
notices that the chick has moved violently, she pecks and removes the shell. And this happens 
in twenty days. And it is evident that this is so, for, when the mother pecks the shell of the egg, 
there remains in it no liquid worth mentioning, since it has been expended on the chick.” 


Reproductive economy in closecrossed species with haploid males. P. W. Wuir- 
ING AND RupoLtpH G. SCHMEIDER. 


According to the multiple-allele theory of sex determination, proved true for the wasp 
Habrobracon, every mating must involve either three or two sex alleles. The three-allele 
matings produce only females (sex heterozygotes) and normal (haploid) males (azygotes) ; but 
the two-allele matings produce also sex-homozygotes which either develop into sterile (diploid) 
males or are inviable. Outcrossing reduces the chance for two-allele crosses with their attend- 
ant reproductive wastage. The Habrobracon theory has been tentatively applied to the six or 
seven invertebrate groups characterized by male haploidy. Since many species, however, re- 
produce with much inbreeding, this theory would imply loss approximating half of the fertilized 
eggs. It has now been shown that in the wasp Melittobia over 90 per cent of the eggs from close- 
crosses, including selfcrosses (mother X haploid son), may develop into females. If Melittobia 
females are sex-heterozygotes, some method must therefore have been evolved other than multiple 
alleles for avoiding production of sex-homozygotes equal in number to the females. Although 
the method of sex determination in Melittobia is not yet understood, it has now for the first time 
been shown that reproductive economy is high in a closecrossed species with haploid males. 


A comparative study of the lipids in some marine annelides. CHARLES G. WILBER. 


Studies on the metabolism of lipids have been in the past confined to observations made on 
vertebrates. Very few studies have been made on the lipids in the invertebrates; consequently 
a detailed investigation seems justified. 

The following marine annelides were studied: Nereis pelagica, Amphitrite ornata, Arenicola 
marina, Phascolosoma gouldti, Lepidonotus squamatus, Glycera americana, and Chaetopterus 
variopedatus. 
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Whole worms or individual tissues were prepared by grinding or in the Waring-blendor. 
Lipids were extracted with boiling alcohol. Phospholipids were precipitated with acetone and 
magnesium chloride and estimated by oxidation-titration method of Bloor. Fatty acids were 
estimated by oxidation-titration and cholesterol colorimetrically using the acetic anhydride-sul- 
furicsacid reagent. The ratios, cholesterol/fatty acid (lipocytic index) and cholesterol/phos- 
pholipid, were calculated. 

It was found that the absolute values of the various lipids in the same species and in different 
species were not always the same. On the other hand, the lipocytic index and the relation, 
cholesterol/phospholipid, were constant for a given species and tissue. If the lipocytic index of 
each worm were plotted against the phospholipid of the same worm the points representing the 
various species fell along a straight line; a similar straight line was obtained when the cholesterol 
was plotted against phospholipid: 

There is, therefore, an apparent relationship between cholesterol and phospholipid and be- 
tween phospholipid and lipocytic index in marine annelides. Tissues with a high lipocytic index 
or high cholesterol content have a high phospholipid content. These results indicate that in 
the marine annelides, just as Bloor found in the vertebrates, since cholesterol is associated with 
and in constant relation to phospholipids, it is probably a normal protoplasmic constituent. These 
results confirm in part the results of analyses made on vertebrate tissues and agree with the con- 
tention of Mayer and Schaeffer that the lipocytic index is characteristic of the organ of an animal 
in a given species. 


GENERAL SCIENTIFIC MEETINGS 


Avucust 23 


Vascular reactions to ergonovine maleate * as seen directly with the microscope 
in the living mammal.‘ RicHarp G. ABELL. 


Erognovine was injected intravenously in amounts varying from 0.005 mgm. to 0.2 mgm., 
and its effect upon the arterioles, capillaries and venules observed directly with the microscope 
in transparent ‘moat’ chambers (Abell and Clark, ’32) in rabbits’ ears. The clinical intravenous 
dose of ergonovine is 0.1 mgm. The equivalent dose in the rabbit is approximately 0.005 mgm. 
Injections of 0.005 mgm. caused constriction of arterioles to approximately 0.7 to 0.9 of their con- 
trol diameters, and a slight reduction in velocity of flow. The arterioles returned to their con- 
trol diameters and the flow to its control rate within 3 to 5 minutes. Daily injections of 0.005 
mgm. made for a period of 2 weeks caused similar results. One hundredth mgm. (twice the 
clinical dose) caused constriction of the arterioles to approximately 0.6 to 0.8 of their control 
diameters, and a slightly greater reduction in rate of flow than 0.005 mgm. One tenth mgm. 
(20 times the clinical dose) caused arterioles 15 to 30 microns in diameter to constrict to the point 
of obliterating their lumens and stopping the blood flow for approximately 30 seconds to one 
minute. The vessels relaxed to their control diam@ters within approximately 12 minutes. Two 
tenths mgm. (40 times the clinical dose) caused more vigorous and prolonged arteriolar con- 
striction, which lasted for from 1 to 1% minutes, and stopped all of the blood flow within the 
chamber. The venules constricted to approximately 0.6 to 0.7 of their control diameters. The 
arterioles returned to their control diameters in approximately 15 to 20 minutes. Four injections 
of 0.2 mgm. at 15 minute intervals made the small arterioles (15 to 30 microns in diameter) un- 
responsive to further injections, but not the larger arterioles (80 to 90 microns). Intravenous 
injections of 0.025 mgm. of epinephrine while the small arterioles were still unresponsive to 
ergonovine, caused them to constrict to the point of obliterating their lumens, which is the typical 
response to this amount of epinephrine. 

None of the above injections caused any sign of injury to the blood vessels, or any abnormali- 
ties in appearance and distribution of the red blood cells, the white blood cells, or the platelets. 
Thus it is clear that ergonovine maleate, which is used widely to prevent post partum hemorrhage 
and to give symptomatic relief of migraine headache, does not cause any observable injury to the 
blood vessels and associated structures even when given in amounts of 40 times the clinical dose. 


*“Ergotrate” (Ergonovine Maleate, U.S.P., Lilly). 
1 This work was aided by a grant made by Eli Lilly and Company to the Department of 
Anatomy of the University of Pennsylvania Medical School. 
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The effect of halogenated alkyl amines on the respiration of Arbacia eggs and 
sperm. E. S. Guzman Barron, E. G. MEnpes ano H. T. NARAHARA. 


Halogenated alkyl amines at 0.001 M concentration produce an inhibition of the respiration 
of animal tissues, and complete inhibition of pyruvate and choline oxidation (Barron et al.*y. In 
smaller concentrations the early cleavage of the fertilized sea urchin egg is inhibited or retarded 
(Cannan et al.*). There is also inhibition of mitosis in the corneal epithelium of mammals 
(Friedenwald and Scholz*) and a high incidence of sex-linked lethals as well as a significant 
number of translocations and inversions in the chromosomes of Drosophila melanogaster (Auer- 
bach et al.*). 

Dichloroethylmethylamine HCl, and trichloroethylamine HCI at a concentration of 0.001 M, 
and dissolved in sea water, produced a definite increase in the respiration of sea urchin sperm 
(from 170 to 50 per cent). The increase of respiration could be noticed even with 1 x 10° M. 
The respiration of sea urchin eggs, fertilized or unfertilized, was slightly inhibited by this con- 
centration of alkyl amine (14 to 17 per cent). Higher concentrations produced inhibition of 
respiration probably due to a decrease in pH as a result of the hydrolysis of these compounds. 
When the alkyl amines were previously neutralized and the sperm and eggs suspended in 0.05 M 
citrate buffer, pH 6.8, the effect of the alkyl amines was erratic. It is quite possible that 
penetration of the alkyl amines into the cell occurs only in an acid milieu. 

The experiments of Cannan et al.* on retardation of the rate of cleavage of fertilized Ar- 
bacia eggs were confirmed. Eggs treated with 0.001 M dichloroethylmethylamine HCL (dis- 
solved in sea water) for 15 minutes prior to insemination, and fertilized eggs treated at the time 
of the first cleavage showed a definite retardation in the rate of cleavage. Furthermore none 
of the treated eggs reached the pluteus stage. 


The effect of uranyl nitrate on the respiration of Arbacia sperm. D. BENEDICT 
AND E. S. G. BARRON 


Uranium, like other heavy metals, is quite toxic and it has been extensively used for the 
production and study of experimental nephritis. Uranyl nitrate in concentrations varying from 
107 to 5 x 10° M. inhibited the respiration of Arbacia sperm. The inhibition was complete at 
5 x 10* M. (92 per cent inhibition). 10* M. UO,(NO,). produced partial inhibition (from 53 
to 15 per cent), 5 X 10° M. inhibited 15 per cent, and 10° M. had no effect at all. This inhibi- 
tion must be due to combination of respiratory enzymes with uranium, a combination which can be 
reversed completely on addition of a citrate at a ratio of U: citrate of 1:2. Addition of phosphate 
at a ratio of 1:100 brought only partial release (25 per cent). The experiments were performed 
in acetate-sea water buffer at pH 6.4 to avoid precipitation of the uranyl salt. Dry weights of 
sperm were obtained after centrifugation of the sperm at 16,000 g. There was in the control 
experiments a rise in the pH value of about 0.6 units at the end of one hour, probably due to the 
formation of NH,. 


Some properties of purified squid visual pigment. ALFRED F. BLIss. 


The photostable red visual pigment of the squid (Bliss, 1943, Jour. Gen. Physiol.) was 
found to become reversibly light sensitive in the presence of formalin. .A method was devised 
for the extraction of this pigment in a state of purity approximating that of the best prepara- 
tions of vertebrate rhodopsin. The principal impurity of previous extracts, melanoprotein, was 
rendered insoluble by the following procedure. Retinas were rinsed in distilled water and kept 
frozen until use. They were then homogenizd with 0.2 M Na, HPO, and centrifuged. The resi- 
due was washed with pH 4.5 buffer and distilled water. The visual pigment was extracted with 
3 per cent digitonin at 6° C. for 2 minutes and centrifuged 5 minutes. The absorption spectrum 
of the extracted pigment did not differ significantly from that of rhodopsin. In its chemical prop- 
erties it differed significantly from rhodopsin, since it was rapidly destroyed by digitonin even at 
6° C. The primary breakdown product in cold acetone was, like that of rhodopsin (Bliss, 1946, 
Biol. Bull.), the acid tautomer of the lipid “Indicator Yellow.” Because of the distinctive prop- 
erties of the squid rhodopsin, a differentiating name, cephalopsin, is suggested. 


t All quoted from Gilman, A., and Philips, F., Science 103: 409 (1946). 
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Studies on the viscosity and elasticity of striated muscle. MANFRED BRUST. 


By the use of a spring vibrating against the resistance of frogs’ (Rana pipiens) sartorius 
muscles—as described by Gasser and Hill (Proc. Roy. Soc. B. 96: 398, 1924)—the effects of 
urea and iodoacetic acid (IAA) on the viscosity and elasticity of these muscles were studied. 
All initial slack was removed from the system by stretching the muscles 17.5 per cent beyond 
their resting length and putting them under 3.5 gm. tension. 

Thirty minutes immersion in solutions of 2.5 M urea in Ringer’s shortens the muscles on 
the average by 26.1 per cent. When extended to their original length they still exert the ten- 
sion originally exerted at that length. They will not return to their urea induced length when re- 
leased from stretch. Their viscosity is reduced on the average of 53.6+ 13.0 per cent of that 
in the untreated muscles, while the elasticity is similarly reduced to 60.4 + 18.6 per cent. 

Sixty minutes immersion of Ringer’s equilibrated muscles in 1-80000 IAA (6.72 x 10° M) 
in Ringer’s sometimes causes a rise in viscosity and elasticity even without activity by the poisoned 
muscles. Summer frogs show this response less often than winter frogs. Measurements made 
during 30 second rest periods between 5 second isometric tetani show a short initial decrease fol- 
lowed by a gradual increase in both viscosity and elasticity. Average maximum rigor values of 
181 per cent and 258 per cent respectively of the untreated muscle values are attained. 

The urea results would agree with the findings by other authors that this agent disrupts myosin 
and other protein molecules thus transforming them into disconnected less asymmetric entities. 
Collagen is not believed to be markedly affected since muscle shape is maintained while tension 
remains the same as before treatment at the same lengths. The IAA results would agree with 
the progressively diminishing solubility and increase in hardness of actomyosin in gradually de- 
creasing concentrations of adenosine triphosphate reported by the Szent-Gyorgyi group (4cta 
Physiol. Scand. 9: Suppl. xxv, 1945). 


Arterial anastomoses. Ettot R. CLARK AND ELEANOR LINTON CLARK. 


This study represents an attempt to discover factors responsible for the presence or absence 
of arterial anastomoses, which vary so greatly in different organs. 

The governing factor appears to be the histo-mechanical principle established by R. Thoma 
in 1892, corroborated by E. R. Clark in 1918 in studies on living vessels in the tadpole’s tail, that 
the size of the lumen of an artery is regulated by the amount of blood flow. In the absence of 
flow, the lumen is reduced to zero and the artery obliterated. In order, then, for arterial anasto- 
moses to survive, conditions must be such as to provide a flow of blood through the terminal 
connecting portion. 

In most cases this requires the presence of factors which force the blood to flow part of the 
time in one and part of the time in the reverse direction. Such factors are present in the periph- 
eral parts of the body in the form of varying outside pressures that are exerted irregularly upon 
large supplying arteries or small distributing arterioles. 

A study, with the aid of artificial chambers, of the living circulation in the rabbit’s ear, where 
anastomeses are abundant, reveals frequent reversals of flow in connecting portions of anasto- 
moses, but controlled by an unsuspected factor, namely, the irregular contraction of the arteries or 
arterioles themselves, described in an earlier paper. 

In types of artificial chambers, installed in rabbits’ ears, which are invaded by new tissue, 
there are often arterioles that, for weeks, are unprovided with nerves and hence contract little, 
if at all. In many such chambers no arterial anastomoses survive. However, in this type of 
chamber, occasionally arterioles receive a nerve supply, and in such cases arterial anastomoses 
may survive. In every case in which such anastomoses have persisted in newly-formed tissue, 
there have been frequent reversals of flow in the connecting portion. 


The effects of the ultra-violet radiations on Styela eggs. A. M. Datcg. 


The M.D.L. installation for microphotography with U.V. rays (2537 A) may be used for 
irradiating part of the Ascidian egg or certain of the various blastomeres up to the VIII-cell 
stage. The method was worked out with the aid of Dr. G. I. Lavin. The egg is placed in a 
drop of sea water near the edge of a thin quartz coverslip, which is itself put on the transverse 
arm of the mechanical stage. The coverslip is adjusted under the microscope in such a way 
that the part of the egg to be irradiated protrudes over the edge of the metallic stage arm which 
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acts as a protection screen for the rest of the egg. Attention should be paid to two sources of 
error: (1) the effect of hypertony due to evaporation of the drop and (2) to the reflexion of 
the rays by the objective lens of the microscope, which is easily eliminated by interposing some 
black paper during the irradiation. In exploring a considerable range of exposure no favorable 
effect of the irradiation could be found. If feeble, it produces a delayed disorganization of the 
embryonic layers. If stronger, it stops the cleavage with rapidity varying according to the 
dosage. In order to obtain stopping of the next cleavage, exposures of at least 10 minutes are 
necessary. When a division is suppressed, the cell may manifest a delayed attempt at cleavage, 
but this is always abortive. After exposure of the unsegmented eggs, deviations of the first 
cleavage plane may be observed. Observations of the movements of yolk and yellow pigment 
and the elongation of the cell-body indicate that the effect of the radiation is not primarily on 
the nuclear activity. That the influence of the rays is exerted on the surface protoplasm is 
shown by the transitory appearance of alterations of the surface film (small protuberances, 
“blisters” ) in coincidence with attempts at cleavage. 

By means of this method, the division of one or more blastomeres of the II, IV, and VIII 
cell stages has been inhibited. The non-irradiated cells exhibit normal development with respect 
to mitotic rhythm and arrangement. Their capacity for differentiation, which seems rather poor 
when large blastomeres remain undivided in the germ, must still be studied in sections. 


A correlation between gill surface and activity in marine fishes. 1. E. Gray. 


The units of respiration in the gills of fishes are the numerous microscopic secondary lamel- 
lae which appear as thin, leaf-like plates set at right angles to the main axes of the primary 
lamellae. Within each plate lies a capillary network through which the interchange of gases 
takes place. Among fishes there are species differences, not only in the number of gills, but 
also in the number and length of the gill filaments (primary lamellae) and in the number of 
respiratory units (secondary lamellae). By determining the number of respiratory units per 
gram of body weight it is possible to obtain an estimate of the relative respiratory ability of 
different fishes. 

There is a marked contrast in the number of respiratory units per gram of body weight 
between the active, surface, migratory fishes (mackerel, 2550; butterfish, 1725; menhaden, 
1685) and the sluggish bottom fishes (flounder, 265; toadfish, 135: goosefish, 50). The number 
of respiratory units of fishes of medium activity fall between these two extremes (scup, 1325; 
sea trout, 1250; sea bass, 1110; eel, 900; sea robin, 800; puffer, 505; tautog, 440). A four 
hundred gram mackerel has a total of nearly three-fourths million respiratory units while a 
toadfish of the same weight has only fifty thousand. The number of respiratory units is also 
directly correlated with the amounts of sugar and hemoglobin in the blood. 


The distribution of lipid between the light and heavy halves of the Arbacia egg. 
F. R. Hunter anv A. K. Parparr. 


Unfertilized Arbacia eggs were centrifuged for 10-20 minutes in an air turbine at ap- 
proximately 16,000 x G. in a medium of graded density obtained by mixing sea water and 0.95 
molal sucrose. The light and heavy halves which resulted were collected, packed in an air 
turbine, frozen, dried in a vacuum desiccator and weighed. This dried material was then ex- 
tracted with ether, dried and again weighed. The loss in weight was taken as a measure of 
the amount of free fats and sterols. This material was then extracted with alcohol-ether and 
again dried and weighed. This was considered to give a value for the bound lipid. In order 
to relate the amount of lipid to the number of halves, counts were made on suspensions of halves 
prior to drying. The following values expressed as mgs. of lipid per million halves were ob- 
tained: heavy halves—6.6 (ether fraction), 12.2 (alcohol-ether fraction); light halves—2.2 
(ether fraction), 9.6 (alcohol-ether fraction). Thus, 75.0 per cent of the free fats and sterols, 
56.0 of the bound lipids and 61.6 per cent of the total lipids are in the heavy halves. The sum 
of the total lipids in the two halves is equal to 30.6 mgs. per 10° cells which compares favorably 
with the value 34.1 mgs. per 10° cells calculated from the data given by Parpart (Biol. Bull., 
81: 296, 1941) for unfertilized, whole eggs. Similarly a comparison can be made between the 
sum of the bound lipids of the two halves and of the whole egg. Their values are 71.3 per 
cent and 77 per cent, respectively. 
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Evidence for enzymatic participation in the penetration of the human erythrocyte 
by glycerol. Paut G. LEFEvreE. 


Jacobs and his associates have reported that an amount of copper sufficient to cover only 
a very small fraction of the surface of the cells involved markedly inhibits hemolysis of human 
red cells in isotonic glycerol. This report concerns the extension of this finding to the effects 
of other substances which inhibit the same types of enzymes affected by traces of copper. 

Following the pattern prescribed by Barron and Singer for identification of sulfhydryl 
activity, iodine, mercuric ion, the arsenical Mapharsen, and p-chloromercuribenzoate were shown 
to inhibit hemolysis by glycerol, buffered at pH 7.1. This inhibition failed in the presence of 
cysteine, glutathione, or thioglycolic acid; and could be reversed by later addition of these sub- 
stances at 2-3 times the concentration of the inhibitor, except with Mapharsen. These relations 
indicate strongly that active —SH groups are involved in carrying glycerol into the cell. 
Though sensitive to the inhibitors mentioned, the hemolytic process was not affected by iodoace- 
tate; this indicates that the sulfhydryl groups involved are of the difficultly available type, not 
inactivated by the alkylating agents. 

Since phosphorylation is apparently essential in transfer of sugars and other substances 
across the membranes of the kidney tubule and the intestinal cell, it is proposed tentatively that 
the enzymatic step involved in the present studies is the phosphorylation of glycerol. Adenosine 
triphosphatase, capable of this step, is present in the erythrocyte, and shows the same pattern 
of sensitivity to inhibitors as found in the present instance, as well as similar relations of ac- 
tivity to pH. Further, more decisive tests of the proposed identity of the enzymatic factor are 
planned. 


“Accommodation” and opening excitation in nerve and muscle. Paut G. LeE- 
FEVRE. 


In his mathematical analysis of electrical excitation in 1936, Hill pointed out that the accom- 
modative process (recession of threshold under the influence of a stimulus) itself accounted for 
the phenomenon of excitation at the anode at the “break” of a constant current. There seems 
to have been no attempt to test this neglected implication of Hill’s theory: that “accommodation” 
is an essential prerequisite for “opening excitation” at the anode. This report concerns the 
occurrence of opening excitation in tissues showing no accommodation. 

Following Solandt’s practise, frog sciatic nerves were treated with citrate until they no 
longer showed any accommodation: their threshold was independent of the rate of increase of 
the excitatory current (delivered with Solandt’s condenser-charge arrangement). In such 
preparations, in spite of the absence of accommodation, there was no difficulty in eliciting an 
anodal response at the cessation of a steady current. The same result was readily obtained with 
exposed sciatic nerves of anesthetized rats treated with citrate. 

Frog sartorii, or the pharyngeal retractors of Thyone, if stimulated in the nerve-free re- 
gions, or following neural degeneration, also showed no accommodation. But all attempts to 
demonstrate any response at “break” in these muscles failed; this is in accordance with the 
predictions of Hill’s theory. Only in the case of citrated nerves was seen the troublesome occur- 
rence of opening excitation in the absence of any accommodation. 

A further analysis of this matter is planned, to determine whether the results may be ex- 
plained on the basis of a postulated fundamental difference between accommodation at the 
cathode and that at the anode; the latter persisting in the absence of the calcium ion required 
by the former. 


A photometric study of the kinetics of fibrin formation. JoserH LEIN. 


The clotting of fibrinogen solutions by thrombin was studied by measuring the optical 
density and light scatter as the process occurred. The results can be analyzed kinetically only 
when purified preparations were used. If other plasma proteins are present the degree of light 
scatter also depends on their concentrations. This is believed due to a trapping effect of non- 
clottable proteins by the fibrin as it is formed. The light scatter studies were particularly useful 
in the kinetic analysis of the clotting process. 
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The reaction was considered from a polymerization viewpoint, the fibrin representing the 
polymer formed through the action of thrombin on the monomer fibrinogen. First order re- 
action kinetics were employed. The following assumptions were made. (1) With constant 
thrombin concentrations the rate of increase of the polymer size is proportional to the fibrinogen 
concentration (dN/dT = K,F). (2) The rate of decrease of the fibrinogen is proportional to 
the fibrinogen concentration (—dF/dT=K.F). (3) The light scatter under the conditions 
of the experiment is proportional to the increase in particle size once it reaches the critical size 
(N.) which first scatters light. (LS=K,(N—WN,). From these formulas a relationship 
was derived that included light scatter (LS), the initial concentration of fibrinogen (/*,), time 
(T), and time (7,) for the polymer to reach a size (N,) that would scatter light. The for- 
mula may be expressed as: 


log (K,K;/K, F.e-KeTo — LS) = — 0.434 K.T + log K,K;/K. Fo 


The relationship was tested on a series of experiments in which the initial concentration 
of fibrinogen was altered, the thrombin being kept constant. The calculated values of the con- 
stants agreed with the experimental values within a 6 per cent average deviation. It thus ap- 
pears that the course of the reaction may be considered to be molecular and that thrombin acts 
as a true catalyst, not forming part of the final fibrin product. 


The effect of todacetate on the changes in muscular latency induced by activity. 
A. Sanpow. No abstract submitted. 





Formation of the nuclear membrane and other mitotic events in Chaos chaos Linn 
and Chaos neos (new species). A. A. SCHAEFFER. 


The mitotic stages of the amebas mentioned are easily followed in the living animal. The 
principal stages are the following: 1. the nucleus about to divide swells up to about 6 times its 
former volume. 2. The chromatin grains (300 to 600 in number) gradually disappear, as if 
going into solution. Some of these grains coalesce before going into solution. 3. A new mass 
of small grains (about 2500) appear, before all the larger grains of the so-called resting nucleus 
have disappeared. These small grains arrange themselves first as a lens-shaped cloud, then as 
a plate of about 2 grains thickness. At this stage the plate of grains is occasionally seen to be 
indistinctly divided into at least 4, possibly as many as 8 or 12, smaller groups of equal size. 
4. This plate of grains then separates into 2 plates which rapidly move apart. 5. Fibers analo- 
gous to, if not identical with, spindle fibers, appear between the plates, as the plates separate. 
Fibers also appear on the other face of the plates. All fibers are at first horizontal and parallel. 
6. The plates separate and the inter-plate fibers lengthen until the plates are separated to about 
2 or 3 times their diameter when, because of the streaming of the protoplasm, the plates are 
torn apart. During this time the nuclear membrane breaks into pieces which eventually com- 
pletely disappear. 7. The separated plates, still granular, become bent like a concavo-convex 
lens, with polar fibers still attached. The granules soon disappear, leaving a very thin, per- 
fectly homogeneous flat disk that shows a brilliant blue green color when seen on edge. No 
refractory edge can be made out. This stage is difficult to see. 8. After a few minutes the 
disk shrinks in diameter and is thrown into rope-like folds around the periphery. 9. Very soon 
thereafter a refractory edge begins to appear as the folds disappear. 10. Very fine grains pres- 
ently begin to appear until about 1,400 are formed. Many of these coalesce to form larger 
grains until only about 600 to 700 remain in the newly formed daughter nucleus. (Further 
reduction in number may occur during the next few hours.) While the small grains are ap- 
pearing, the edge of the nucleus becomes more and more refractory until in the new nucleus it 
is seen as the new nuclear membrane. The steps outlined here require about 28 minutes. 

The mitotic events of Chaos diffiluens, as far as they have been observed, are practically 
identical with those of the above-mentioned species, except for size. 


Correlated histories of individual sense organs and their nerves, as seen in living 
frog tadpoles. Cart CASKEY SPEIDEL. 


In the living frog tadpole it is possible to make daily observations on the same individual 
nerves and sense organs of the lateral-line for many weeks or months. By suitable operations 
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some sense organs may be deprived of their nerve supply (nerveless organs), and conversely, 
some aberrant lateral-line branches may be induced to grow without reaching any sense organ 
(organless nerves). 

Prolonged observations of nerveless organs (1 to 21 months) reveal the following: (1) 
During the first two months in regenerating or growing zones the sense organs are largely 
independent of their nerve supply. They grow and divide readily. (2) During later months, 
however, regressive changes of atrophy and degeneration take place. The organs become 
smaller. Some degenerate and disappear. Occasionally, however, a nerveless organ may per- 
sist for more than a year. 

Prolonged observations of organless nerves reveal the following: (1) During the first two 
months they are largely independent of the sense organs. They grow and become provided 
with both neurilemma and myelin sheaths. (2) During later months, however, regressive 
changes ensue. The myelin sheath is not maintained on any functionless fiber. It becomes 
thinner and ultimately disappears. The unmyelinated fiber resulting may then itself degenerate, 
leaving only a collapsed neurilemma tube. 

Thus, the structural integrity of both lateral-line sense organ and nerve fiber is definitely 
correlated with the successful establishment of a functional relationship between the two. 

Sense hairs and orange granules are specialized structures of lateral-line organs. The be- 
havior of both of these under various experimental conditions indicates their relative inde- 
pendence of nerve influence. 

Many other histories involving nerve and sense organ relations in wound zones have also 
been recorded. Illustrative cine-photomicrographs have been made. 


The effect of prolonged starvation on the lipids in Phascolosoma gouldii. CHARLES 
G. WILBER. 


It is known that the muscle in vertebrates serves as a storehouse of fats and that during 
starvation the fats in muscle decrease whereas the fat in various internal organs is not changed. 
Whether this is true for invertebrates is not known. 

In order to throw light on the problem, worms (Phascolosoma gouldii) were starved for 
one month and then the whole worm, the muscle, and the perivisceral fluid respectively were 
analyzed for phospholipid, for cholesterol, and for fatty acid. These results were compared 
with the results of similar analyses made on control worms. 

It was found that in the whole worm there was a loss of all lipid constituents. In the peri- 
visceral fluid, phospholipid and fatty acid decreased greatly, but cholesterol did not decrease. 
In the muscle there was an apparent increase in lipid material which can be explained on the 
basis of absorption of some of the tissue. In muscle the fatty acid is decreased, as is clear from 
the larger lipocytic coefficient of the muscle of starved worms. 

It is concluded that the perivisceral fluid serves as a storehouse of lipid in Phascolosoma 
and that the muscle does not. Moreover, it seems that phospholipid and fatty acid are used 
during starvation. Whether cholesterol is also used is not certain. Phagcolosoma differs, 
therefore, from the vertebrates in the use of phospholipid during starvation and in the fact that 
muscle is not the important storehouse of fat. 


Protoplasmic clotting in isolated muscle fibers. ARTHUR A. Woopwarp. 


Isolated muscle fibers provide a material favorably adapted to the quantitative study of 
protoplasmic clotting. The cut ends form clots which pass in waves over the length of the fiber. 
The rate of the clotting reaction can be measured and is expressed as mm. of fiber converted into 
clot per minute. Single fibers are teased from the adductor magnus of Rana pipiens; all solutions 
used are kept at pH 7.1—7.4 with glycine buffer. 

In Ringer's solution, used as a standard for comparison, the rate of clot formation is constant 
for a given fiber and varies only moderately from fiber to fiber within a muscle. The normal 
rate is about 0.050 mm./min. 

Ca ion causes a very rapid clot formation; in this case it is shown that the rate is largely 
a function of the speed with which Ca diffuses into the end of the fiber, the protoplasm clotting 
with great rapidity once it is exposed to free Ca ion. 
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The clotting process is relatively insensitive to pH changes in the region from pH 5 to pH 9; 
above and below this the rate increases very rapidly. Near the regions in which thrombin is 
inactivated liquefaction has been observed under certain conditions. 

Solutions of crystalline trypsin cause clot formation at a rate averaging about 50 times that 
of the control. In the absence of Ca, trypsin produces only a slight increase over the control. 
Crystalline chymotrypsin is much less active than trypsin and also has very little effect in the 
absence of Ca. Preparations of crude papain cause clot formation at a moderately high rate; 
addition of glutathione increases the effect to the magnitude of that produced by trypsin. Ab- 
sence of Ca has no effect on the action of papain. 


Aucust 24 


Some aspects of the histology and physiology of luminescence in “railroad worms.” 
Joun B. Buck. 


In the Uruguayan “railroad worm,” Phrixothrix, the lateral photogenic organs are small 
compact ovoid masses of small dense cells near the posterior edges of the segments somewhat 
above the spiracular level. The organ is apparently supplied by one trachea ramifying profusely 
between the cells. There are no end-cells. Large oenocyte-like cells are present near some of 
the lateral photogenic organs and elsewhere. 

In Phengodes, a close American relative of Phrixothrix, the lateral organs are in the pos- 
terior ends of horizontal rolls of tissue which extend along the segments ventral to the spiracles. 
Light is also emitted along the dorsal posterior edges of most of the segments. Both lateral 
and dorsal organs apparently consist of loose aggregations of very large oenocyte-like cells with- 
out end-cells or special tracheal supply. Similar cells are present in small numbers in parts of 
the body not regarded as luminous but not in the lateral tissue roll except in the region which 
emits light. Further evidence is furnished by the observation that the light of Phengodes can be 
seen microscopically to come from clusters of round or oval spots corresponding in shape, posi- 
tion, number, and size to the oencyte-like cells. 

The photogenic organ of Phyrixothrix is very similar to that in the larval firefly and agrees 
with the generalization that luminous beetles which produce a lingering glow rather than a short 
flash, have organs of relatively simple structure without end-cells. 

The photogenic organs of Phengodes are the simplest yet known in insects and represent 
the first time that bioluminescence has been ascribed to eonocytes. A corresponding physiological 
simplicity may be the fact that the light is continuous. 

Phengodes dims in the vapor of 10% and 10° M. HCN at about the same rate as luminous 
bacteria, and faster than fireflies. 


Effect of caffeine concentration upon retardation of Arbacia development. RaLpPu 
Hott CHENEY. 


Sea urchin eggs and sperm were subjected to eight different concentrations of caffeine-in- 
sea-water for 15 minutes, then mixed for fertilization and the developmental rates in S.W. and 
S.W.C. were compared with the normal rate of untreated ova and sperm. Observations were 
made at intervals during a three-day period. Normal time rates were accepted as stated by E.B. 
Harvey, 1940 (Biol. Bull., 79, (1) Plate II, photographs 16-32 inclusive). 

All eggs utilized in a single experiment were obtained from the same female and all sperm 
from one male. Eggs and sperm were shed directly into S.W. or S.W.C. prior to mixing. The 
series of six combinations presented in 1942 (Biol. Bull., 83) were repeated and extended to a 
full three day period as follows:—N? Nd, NQ2 x Cd, C2 x Nob, C2 x Cd, all developed in 
normal sea water after the original immersion of fifteen minutes after shedding as indicated 
into S.W. or S.W.C. In the cases of C2? X Nob and C2 X Cd, each was developed also in S.W.C. 

Results indicated that the period of immersion (15 min.) in the caffeine concentrations em- 
ployed prior to mixing the gametes did not render the ova non-fertilizable subsequently nor 
destroy the ability of the sperm to fertilize. Eggs and/or sperm, however, were not unaffected 
at least by higher concentrations, since C? X Cd cultures, although they did form the fertilization 
membrane when mixed and developed in uncaffeinized S.W., the fertilized ova never survived 
longer than the early cleavage stages. 
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Plutei developed in normal time and form in all of the six combinations of 0.002 per cent and 
0.004 per cent S.W.C. Gametes shed into two per centum S.W.C., in each of the four combina- 
tions developed in S.W. formed the F.M. but showed retarded development and in no case 
reached the pluteus stage before death. In the two combinations developed in S.W.C., the F.M. 
was not formed. Intermediate percentages used between these extremes of concentration gave 
intermediate effects indicating that in general, the effects were directly proportional to the con- 
centration of the caffeine. 

Other experimental series subjected normally fertilized ova (N? X No in S.W.) which had 
developed to a desired stage of development, to the different concentrations of caffeine-in-S.W. 
Results here indicated similarly that the retardation effect upon the development time was pro- 
portional to the concentration. 


Shape changes in the denuded Nereis egg preceding first cleavage. Avserta T. 
Jones. 


It is known from Hoadley (1934) that Nereis eggs undergo a series of amoeboid changes 
prior to first cleavage. Neither the reason for this phenomenon nor the exact pattern followed 
has been completely described. It is the purpose of this paper to report the principal findings on 
the pattern of shape changes up to first cleavage in the egg of Nereis limbata. The denuded egg 
was used to eliminate the complications of membrane and external jelly. 

Gametes were taken from animals caught the previous night in Eel Pond (Woods Hole) and 
artificial insemination was carried out. The fertilized eggs were denuded by treatment with 
alkaline 0.53 molar NaCl solution brought to pH 10.5 by addition of Na.CO,. This is the method 
used by Costello (1939 and 1945). Observations began when the denuded eggs were rinsed free 
of alkali and the first polar body had formed. Outline drawings of the eggs were made with a 
camera lucida at three minute intervals. To serve as reference points, the position of polar 
bodies and oil droplets was indicated. 

Hoadley states :—“pulsations of the (Nereis) egg are of two sorts, one of which is quite 
extensive and results in general distortion of the sphere, and the other of which results in surface 
irregularities which appear more or less localized.” The shape changes discernible in denuded 
eggs seem to correspond to Hoadley’s first category. A consistent pattern of sequences, dif- 
ferent from those described by Hoadley for the intact egg, has been found. The sequences in- 
clude such general distortions as: (1) polar flattening followed by rerounding; (2) elongation 
in the polar axis followed by rerounding; and, (3) elongation in the equatorial axis followed by 
formation of the first cleavage plane. The magnitude of these changes, in comparison with the 
pulsations observed by Hoadley, may be attributed to the absence of jelly mass and membrane. 

It may be concluded that shape changes in the denuded Nereis egg prior to first cleavage 
proceed (1) according to a definite pattern; and (2) always with a particular relation to the 
polar axis of the egg. 


ormone control of dehydrogenase activity o ustacean tissues. FELotseE Kuntz. 
H trol of dehydrogenase activity of Crustacean t ELoisE Kun 


Sea water extracts of the sinus glands of Libinia emarginata, Homarus americanus, Uca 
pugilator and U. pugnax and similarly prepared extracts of the central nervous system of Libinia, 
Homarus and the arachnoid, Limulus polyphemus, were made. These were boiled and centri- 
fuged and the supernatant fluid was used. The extracts were tested for their effect upon de- 
hydrogenase activity of gastric gland and muscle of Libinia, Homarus and Limulus, which were 
measured in Thunberg tubes with methylene blue as the hydrogen acceptor. 

The effect of sinus gland extract was dependent upon the concentration. Half of a 
Libinia sinus gland doubled the rate of methylene blue reduction, but the reduction rate rapidly 
fell to slightly above that of the controls with increasing concentrations. Half of a Uca pugilator 
sinus gland also doubled the reduction rate, but activity remained high for concentrations of 2 
sinus glands, falling to the level of the conirols at 6 sinus glands. Here it remained. Uca 
pugnax showed strong inhibitory action in concentrations of 6 to 12 sinus glands. The character 
of the curves suggests the possibility of two active substances which vary in relative proportions 
in different species. 
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Central nervous system extracts of Homarus, Libinia and Limulus in concentrations of 0.7 
mg. tissue per cc. strongly stimulated dehydrogenase activity. Extracts of other tissues were 
ineffective at several times this concentration. 

Localization of hormone production within the nervous system was demonstrated. In 
Homarus the circumoesophageal ganglia and second ventral ganglion were most effective. The 
brain and suboesophageal ganglion were ineffective. The remainder of the ventral cord had a 
relatively weak action. All parts of the circumoesophageal ring of Limulus were effective. 

An antagonistic action of sinus gland and nervous system extract was demonstrated. The ad- 
dition of sinus gland hormone to a system stimulated by central nervous system extracts de- 
pressed dehydrogenase activity to that of the controls. 


A comparative study of cholinesterase activity in normal and genetically deficient 
strains of Drosophila melanogaster. Dr. F. Poutson anp E. J. Boe t. 


Cholinesterase activity has been determined in late embryos of several strains of Drosophila 
melanogaster by means of the cartesian diver technique which measures the evolution of CO, 
from Ringer-bicarbonate solution following hydrolysis of acetylcholine in the presence of an 
atmosphere of 95 per cent N, and 5 per cent CO,. Timed eggs from a stock of the deficiency 
known as Notch ® crossed to Canton-S wild strain (N8/+) were dechorionated by Slifer’s hypo- 
chlorite method and classified as normal or Notch-deficient. At 24 hours normals are larvae 
ready to hatch, while the deficient male embryos are strikingly abnormal and possess a nervous 
system about three times normal size. The ratio of types is 3 normal: 1 abnormal. Embryos 
were cut up and placed in divers containing 1 mm.* Ringer-bicarbonate and 0.5 mm.* of 1.5 per 
cent acetylcholine. Although it is possible to carry out measurements on single embryos, two 
to five embryos per diver were used in most experiments. Readings were made at ten minute 
intervals for one hour after the divers had reached thermal equilibrium. 

A series of four determinations on 24-hour normals gave an average of 12.8 m.yl. CO./em- 
bryo/hour. A series of five determinations on Notch ® deficient male embryos gave an average of 
34.0 my.1. CO./embryo/hour. The cholinesterase activity of Notch embryos is 2.7 times that of 
normal, which is nearly the same as the volume ratio of Notch/normal nervous systems, 3.3 as 
determined by planimeter from camera lucida outlines of sections. Thus cholinesterase activity 
is proportional to volume of nervous tissue. Notch-deficient embryos of other strains have given 
similar results. Thus the Notch male nervous system while abnormal in size and morphology 
is biochemically normal with respect to cholinesterase. A first step has been made in studying 
the rate of increase with development of cholinesterase activity in both normal and deficient em- 
bryos. At 18.5 hours the activity of the Notch embryo is 8.3 m.y.l. CO./hour, that of normal 3.8 
my.l. CO./hour. In the unhatched Notch embryo at 48 hours the activity increases to 51.0 
m.y.l. CO./hour. 

As checks, cholinesterase activity of unfertilized eggs and methyl butyrase activity of normal 
and Notch embryos were measured and found to be negligible. 

To determine the location of cholinesterase in normal embryos, central nervous systems were 
dissected out and their cholinesterase activity measured separately from the remaining portion of 
the embryos. One determination has given a value of 17.0 m. .1./N.S./hour. The value for the 
remnant is 2.6 m.y.l./hour. Since the central nervous system makes up not more than one- 
sixth the embryonic volume the cholinesterase activity there is roughly forty times that in the 
remnant. 


Possible metabolic and physical chemical factors in the production of the injury 
potential in spider crab nerve.* A. M. SHANEs. 


In contrast to frog sciatic nerve, spider crab nerve is permeable to both potassium and 
chloride ions and to a lesser extent to sodium. The relationship between metabolism and the 
potentials therefore cannot be the same as in frog nerve which is highly impermeable to chlo- 
ride and other small anions as well as to sodium. This is confirmed by the following observa- 
tions: (1) Although 0.002 to 0.0006 M iodoacetate (IAA) produces a continuous slow fall in 


* Aided by grants from the Penrose Fund of the American Philosophical Society and from 
the American Academy of Arts and Sciences. 
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potential in oxygen, 0.02 M pyruvate is unable to counteract this inhibition; (2) pyruvate 
accentuates IAA inhibition of the post-anoxic recovery of potential; (3) the decline of potential 
in nitrogen is more rapid than in frog nerve and is not hastened by IAA; (4) glucose does not 
retard the fall in potential during anoxia and inhibits a recovery in oxygen. The inhibitory 
effects of pyruvate and glucose may be the result of acid production, for 5 per cent CO, lowers 
the potential in this system in contrast to its effect in frog nerve. 

These results provide a basis for understanding some peculiarities of carbohydrate metabo- 
lism in spider crabs. For example, blood sugar levels average only 1 mg. per cent, nerve gly- 
cogen ranges from 500 to 2,000 mg. per cent wet weight (Kleinholtz, unpublished), and the 
breakdown of glycogen is reported to be largely to simple sugars as well as to lactic acid. 

The potassium content of these fibers is known to be high and the potential is inversely 
related to the extracellular potassium concentration. Consequently the injury potential is 
probably a potassium concentration potential as in frog nerve. In yeast (Rothstein and Haege, 
1943) potassium retention is stoichiometrically related to hydrogen ions lost to the medium when 
glucose is assimilated to form reserve carbohydrate. This mechanism may explain the high 
levels of both glycogen and potassium, and hence the metabolism-potential relationship, in spider 
crab nerve. 


Some effects of tannic acid on osmotic hemolysis. T. H. Witson anv M. H. 
Jacoss. 


Human erythrocytes are less easily hemolyzed in. hypotonic solutions of NaCl in the pres- 
ence of tannic acid than in its absence. The salt solution employed in the present experiments 
ranged from 0.091 to 0.069 M and those of tannic acid from 1/800 to 1/51,200 per cent. Even 
at the lowest of these concentrations of tannic acid there was a marked protective effect. In 
hypotonic solutions of Na,SO, ranging from 0.045 to 0.031 M and with the same concentrations 
of tannic acid as before, the effect was the exact opposite, hemolysis invariably being increased 
except at the lowest concentrations of tannic acid. Very similar effects, somewhat complicated 
by the permeability of the erythrocyte to ammonium salts, were obtained with NH,Cl and 
(NH,).SO,, respectively. 

In the light of results obtained with molecular films of proteins by Schulman and others, 
the action of the tannic acid in the chloride solutions might be explained either by a strengthen- 
ing of the cell surface or by a decrease in its permeability to hemoglobin. Such an action in the 
case of the sulfate solutions is not necessarily excluded, but it seems to be overshadowed by an- 
other effect of a different nature, namely, the decreased permeability to anions produced by 
tannic acid, described elsewhere by Jacobs, Stewart and Butler. Since swelling of the erythro- 
cyte is known to be opposed by the exchange of bivalent sulfate ions from the outside for uni- 
valent anions from the inside, tannic acid, by hindering this exchange, might in this particular 
case indirectly favor hemolysis, despite its more direct protective effect on the cell surface. 


The effect of roentgen radiation on protoplasmic viscosity changes during mitosis. 
WALTER L. WILSON. 


Roentgen radiation has a marked effect on the protoplasmic viscosity of the dividing sea- 
urchin egg. If the eggs, or sperm, or both the eggs and sperm of Arbacia punctulata are ir- 
radiated before fertilization, then the normal pattern of viscosity change is altered. In the 
control the viscosity was low shortly after fertilization, then increased to a peak at 15 minutes 
(23° C.). It remained high for 6-10 minutes and then decreased. This decrease was markedly 
retarded by irradiation of the sperm or eggs (11,300 r at 6400 r/m), or both the sperm and 
eggs (5,000 r at 6400 r/m) before fertilization. In these experiments the viscosity remained 
high two or three times longer than in the controls. In three experiments out of ten in which 
irradiated eggs were fertilized with normal sperm, the viscosity increased to a value almost 
twice that of the controls. 


Biological specificity and the synthesis of native proteins. D. Wrincu. No ab- 
stract submitted. 
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The effects of massive doses of ergonovine maleate * upon the smaller blood 
vessels as seen directly with the microscope in the living mammal.‘ RicHARD 
G. ABELL. 


In these experiments, as in those described above, the blood vessels were studied in trans- 
parent ‘moat’ chambers in rabbits’ ears. All injections were of 3.0 mgm., and all were made 
intravenously. Three mgm. in a rabbit corresponds to 60 mgm. in a man, which is 600 times 
the clinical intravenous dose. In these experiments the injection of 3.0 mgm. caused complete 
arteriolar constriction for 3 to 4 minutes. The larger arterioles (80 to 90 microns in diameter) 
remained narrowed to approximately one-half of their control diameters for 3 to 4 hours. A 
temporary constriction of the venules to from 0.5 to 0.8 of their control diameters occurred. 
In addition, this amount of ergonovine caused thicking of leukocytes to the walls of the arte- 
rioles, capillaries and venules. The degree of sticking varied widely in different rabbits; in 
some cases it was slight; in others large numbers of leukocytes stuck to the walls of the capil- 
laries and venules, and emigrated into the surrounding tissue. In one rabbit injections of 3.0 
mgm. were followed by the formation of leukocytic emboli, which blocked many of the capil- 
laries and venules and formed thrombi. The reaction was reversible and the thrombi usually 
disappeared within approximately 4 hours following the injections. This is in accord with the 
flow toxicity of ergonovine, and its failure to produce gangrene on repeated injections. 

As shown by the work of numerous investigators, two other ergot alkaloids, ergotoxine and 
ergotamine, do produce gangrene on repeated injection. Such gangrene also occurs in ergot 
poisoning and is due to obliterative endarteritis and thrombosis. The formation of these 
thrombi is usually attributed to prolonged constriction of the small arteries, and interruption of 
the blood flow, but this is entirely hypothetical. 

In the present experiments thrombi were formed due to the increase in stickiness of the 
endothelium toward leukocytes and of the leukocytes toward each other. 

Perhaps gangrene produced by ergot and its more toxic alkaloids may be caused by a more 
severe and prolonged reaction of the type described above. 


Secretory cells in the branchial epithelium of fishes. GERRIT BEVELANDER. 


It was shown by Smith (1930, 1931, 1932) that the osmotic regulation of the body fluids in 
fresh and salt water teleosts and in elasmobranchs is effected considerably by the extrarenal 
excretion of salt (NaCl and KCl) under conditions that probably involve considerable osmotic 
work. It was further inferred that this exchange occurred in the gills. A previous study of 
the branchial epithelium in an extensive and widely divergent group of fishes (Bevelander 
(1935), led this writer to conclude that the only specialization occurring in the branchial epi- 
thelium of fishes consists in a thicker epithelium in the elasmobranchs than in teleosts and the 
presence of numerous mucous cells in all species examined. The cells which we described as 
mucous, were alleged to be “chloride secreting” cells in Anguilla and in some fresh water tele- 
osts, but not in elasmobranchs by Keyes and Willmer (1932). 

A re-examination of this problem included the experimental stimulation of secretion of the 
cells in dispute in representative teleosts and clasmobranchs. These cells were then subjected 
to a number of histochemical tests and were shown to be positive for mucin. Further, the oral 
and opercular membranes were also examined and it appears unlikely on the basis of structure 
that they are concerned with osmotic regulation. 

In order to comply with the observed physiological data, the cells which are responsible 
for extrarenal excretion must be in intimate relation with the blood supply and the external 
milieu, they must be very extensive to account for the considerable work performed, and finally 
they must be present in teleosts and elasmobranchs. Our observations reaffirm the absence of 
any specialized structures; the only cells which comply with the three criteria required are the 


*‘Ergotrate’ (Ergonovine Maleate, U.S.P., Lilly). 
1 This work was aided by a grant made by Eli Lilly and Company to the Department of 
Anatomy of the University of Pennsylvania Medical School. 
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respiratory epithelial themselves. It is further suggested that the observed conservation of 
urea in the elasmobranch gills may be affected by the relatively thick respiratory epithelium 
which covers the gill filaments. 


A modified Crompton formula for the latent heat of vaporization. ALBERT P. 
MATHEWS. 


The general formula for the latent heat, L, which I have found is 


(1) L=CR'T Ine(d/D) 


R' is the actual value of the gas constant in the liquid phase, constantly falling as molecular co- 
aggregation increases with falling temperature. d is the liquid density and D that of the vapor, 
C is a constant peculiar to the substance, often not far from 2. 

The values of C and KX’ are obtained from the following general formulas which apply to all 
non-associating substances with the possible exceptions of hydrogen and helium. 


2) C= C'(R/R’.) (L/(L-E) ) 
(3) C’ = 1.1292 — (3/8)S + (9/64) S* = 0.8792 + ((3/8)S — 0.5)? 


S in (3) is the critical coefficient: RT./peVe in which R has its ideal value. S may be com- 
puted by (4): 


(4) S = [(dmRT./Mpe) + 16((Te — T)/Te) — 12((Te — T)/Te)*) 
/(1 + 5.158((T. — T)/Te) — 3.158( (Te — T)/Te)*) 


dm is the mean density of saturated vapor and liquid at temperature, 7; pe and 7. the critical 
pressure and temperature. 


(5) (L/(L-E))e = 1+ 64R*/27S*R’.’ 

L-E is the internal latent heat of vaporization. (5) is obtained from (6). 

(6) ((T/p) (dp/dT) )e = (L/E)e =1+ (27S* R'-)/64 R’) 

(7) R’./R = (512 — 64S + 216S* — 27S*) /512S 

Rr in (1) is obtained from (8). 

(8) (L/(L-E))r= R'r/R’. =14+ ((L/(L-E) )e — 1) ((9/16) (T/T-) + 7/16) (T/T-.)* 
(9) R’, = R'-/(L/(L-E))e 


At absolute zero L/(L-E) is 1 and it advances with temperature as co-aggregation diminishes. 
In the ideal state C, S and (L/E)- are 1. When S has its highest value of 4 in a normal sub- 
stance (L/E)- will be 7.3346 and, when S has its lowest value of 3/8, (L/E). will be 4. S may 
be calculated also from the latent heat of vaporization at any temperature, C’ being equal to 
(L-E)/RTIn.(d/D) by (10): 


(10) S = (8/3) (0.5 + V (C’ — 0.8792) ) 


Obtained from (3) above; E being taken, with small error usually, as equal to p(V-v). 

Formula (1) above is an easier and more accurate way of computing the latent heat of 
vaporization than by the thermodynamic equation: L = (Tdp/dT)(V-wv). The results by (1) 
agree usually within 1 per cent with the experimental determinations at the normal boiling point 
as made by J. H. Mathews and others. The derivation of all the foregoing formulas will be 
given in the full papers together with examples of application to specific cases and also the general 
formula for the Cailletet and Mathias law (11): 


(11) dm = de{1 + (5.158 — 16/S) ((Te — T)/Te) + (12/S — 3.158) ((Te — T)/Te)*) 
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Heat Death. Paut R. Orr. 


1. Time-temperature relationships in marine animals. 


Temperature as an intrinsic ecological factor which determines, to a great extent, the abun- 
dance, life cycle, and distribution of marine organisms, is a well-established fact. However, the 
duration of exposure required to produce death at each temperature in the effective series has 
not been taken into consideration. Thus, in order to state accurately the conditions of heat 
death, it is necessary to plot a curve in which both variables, temperature and time, are 
represented. 

Heat death curves have been plotted for Uca pugilator, Asterias forbesi, Ophioderma 
brevispinum, Arbacia punctulata, Nassa obsoleta, Fundulus heteroclitus. 

All of the curves have approximately the same shape. For a relatively slight rise in tem- 
perature there is a marked drop in the length of exposure necessary to cause death. This rela- 
tionship is not one of direct proportionality. 


II. Differential response of the entire animal (Rana pipiens) and several of its organ systems. 


Whether we are dealing with cells or multicellular organs and tissues, or the organism as 
a whole, we are confronted with the fact that not all of the cells, organs, etc., have the same 
sensitivity to heat. An animal exposed to excessive heat for a length of time to cause complete 
loss of excitability might well be pronounced dead, for it never again will show any signs of 
life as a complete organism. Yet there are parts of the complex animal that are “alive.” 

The animal as a whole, the tadpole, sciatic nerve, sartorius and gastrocnemius muscles, and 
heart were separately studied, and curves were plotted for the heat death points of each. The 
data show that in the adult animal the order of death is: (1) the organism as a whole; (2) the 
muscular system; (3) heart, and (4) nervous tissue. 

All heat death curves plotted are of the same shape, showing a sudden drop followed by a 
gradual approach to a constant level. 


III. The effect of high temperatures on heart rate in Venus mercenaria. 


In the clam heart (Venus mercenaria) we have an automatic mechanism by which the effect 
of heat can be studied. By subjecting excised hearts to a series of high temperatures and noting 
the heart rate it was possible to determine the lethal point for each temperature and thus plot 
a curve showing time/temperature relationship. 

For the clam heart the same general type of curve was found as shown in previous studies 
on marine animals and frogs. That is, there is a point at which the hearts will beat for a rela- 
tively long period of time; then as they are subjected to higher temperatures there is a rapid 
decrease in heart rate, followed by a leveling off to a constant rate. 


Penetration glands in tapeworm Onchospheres. W. Matcotm Ret. 


Although various types of cystogenous and penetration glands have long been figured and 
studied as a part of the internal structure of trematode cercariae and miracidia, they have not 
been recognized in the onchosphere stage of cestodes. A pair of such glands has been found in 
the fowl cestodes Raillietina cesticillus (Molin), and Choanotaenia infundibulum (Bloch) and 
in a herring gull cestode Hymenolepis sp. Although these glands may be seen under favorable 
conditions without special stains, they respond in the same manner to vital stains as do trema- 
tode glands, showing up best with Nile blue sulfate and neutral red. The gland stretches to the 
posterior end of the larva, where it appears to be anchored. The secretion pores are located 
near the anterior and slightly to the side and above the middle pair of hooks when these hooks 
are oriented with the points directed anteriorly and downward. The granular contents may be 
seen to move about as the general contour of the glands is changed by the violent contractions 
associated with hook movements and at times some of the secretion may be seen exuding from 
the pores. A single nucleus is located near the middle of each gland, and the two glands are 
connected by a narrow isthmus near the posterior end. 

The nature of the secretion has not been determined but it is possible that it assists the 
larva in penetration since this granular substance is given off at a time in the life cycle when 
the six-hooked embryo must break out of the covering membranes of the egg and penetrate the 
gut of an arthropod intermediate host 
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Intensity-duration relation in stimulation by light. F. J. M. Sicuet anv P. B. 
ARMSTRONG. 


The excised sphincter pupillae of many vertebrates will respond by constriction to stimula- 
tion by visible light of suitable wave-lengths. In these experiments the sphincter pupilla of the 
eel, Anguilla rostrata, was used. The sphincter was excised from small adults, 15 to 18 inches 
in length. 

The sphincter was pinned out, anterior surface uppermost, on white beeswax. It was 
illuminated for observation by transmitted red light, to which the preparation is insensitive. 
The source of light for stimulation was a tungsten filament lamp maintained at constant voltage. 
This was focussed on the preparation obliquely from above. The intensity of the stimulating 
light was varied by Wratten neutral filters and a neutral wedge. The duration of the stimu- 
lating flash was controlled by a shutter manually operated and timed by a stop watch. The 
criterion of threshold was the smallest contraction visible through a low-power microscope. 
An eyepiece filar micrometer was used to advantage in determining the threshold stimulus. 
The preparation was bathed in a Ringert’s fluid and permitted to become dark-adapted before 
each experiment. 

The threshold was found to be a function of the duration and of the intensity of the stimu- 
lating flash. The intensity-duration relation conforms with Hill’s theory of excitation for rec- 
tangular stimuli. The chronaxies averaged about 12 seconds, the range being from about 6 
seconds to 20 seconds. In terms of the reciprocity law this would mean that the law holds 
reasonably well for flashes shorter than, say, 10 seconds. At longer durations the deviation is, 
in direction and amount, what would be expected on the basis of Hill’s equation for excitation. 
There is a definite rheobase, or minimal intensity of the stimulating flash below which excitation 
is never produced, even for very long exposure times. 


The pattern of the intrinsic palmar musculature. Wuti1am L. Straus, Jr. 


The intrinsic palmar musculature of tetrapod vertebrates comprises two fundamental series : 
(1) a superficial, arising from fascia or tendon, and showing variable tendency toward strati- 
fication, and (2) a deep, arising from bone and always arranged in two layers separated by the 
deep palmar nerves and vessels. Between the two series lies the mid-palmar space. 

In urodeles (Necturus maculosus, Cryptobranchus alleghaniensis), the superficial series is 
a single layer (flexores breves superficiales) arising from the dorsum of the long flexor tendon. 
The deep series is composed of a superficial (contrahentes or adductores) and a deep (flexores 
breves profundi, intermetacarpales, interphalangeus II1?; in Cryptobranchus also flexores breves 
minimi) layer. 

In lizards (Sceloporus spinosus, Ctenosaura similis), the superficial series tends to form 
two layers—a superficial (flexores breves superficiales, marginal abductors), arising from the 
transverse carpal ligament, and a deep (lumbricales), arising from the long flexor tendon; in 
Sceloporus, however, such lamination is incomplete, for fibers of the superficial layer also arise 
from the long flexor tendon. The deep series again exhibits superficial (contrahentes) and 
deep (flexores breves profundi) layers. 

In mammals (Didelphis virginiana, Macaca mulatta, Homo), the superficial series forms 
two distinct layers—a superficial (abductor pollicis brevis, flexor pollicis brevis, opponens pol- 
licis?, palmaris brevis, flexor V brevis, abductor V; in Didelphis also a flexor brevis manus), 
largely from palmar aponeurosis and transverse carpal ligament, and a deep (lumbricales), from 
the deep long flexor tendon—separated by the superficial palmar vessels and nerves. The deep 
series again has superficial (contrahentes; only adductor pollicis in man) and deep (interossei, 
opponens V) layers. 

Muscular homologies, at least between vertebrate classes, cannot be reasonably extended 
beyond comparison of entire palmar layers. Direct homology of individual muscle units is 
profitless and probably invalid. 
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The toxicity of a mixture of high molecular alkyl-dimethyl-benzyl ammonium 
chlorides to Fundulus. Cuartes H. Tart. 


The mixtures of high molecular alkyl-dimethyl-benzyl ammonium chlorides used is sold by 
the Winthrop Chemical Company under the trade name Zephiran Chloride * for use as an anti- 
septic or disinfectant. 

Taft and Strandtmann (1945. Fed. Proc., 4: 136) showed that under laboratory conditions 
this material is an efficient larvicide for the mosquito Culex quinquefasciatus and Aedes aegypti 
in dilutions up to 1: 250,000. It seems desirable to determine its toxicity to some of the animals 
it might be brought in contact with if used for this purpose. Taft (1946. Texas Rpts. on Biol. 
and Med., 4: 25) has reported its toxicity for various invertebrates. 

To determine the toxicity by injection’*fundulus were injected intraperitoneally with different 
doses of one per cent solution; 0.25 cc. killed 17 out of 22, 0.05 cc. killed 15 out of 17 while 0.1 
ce. killed 24 out of 24 fundulus. When these fish died they were darker than the controls and 
in many of them the abdomen was red about the site of injection. When the abdomen was 
opened there was frequently a greenish fluid present and the viscera had the appearance of 
having been cooked. The liver, gall bladder, heart, kidneys, and gills appeared normal. 

Other fundulus were placed in finger bowls containing 225 cc. aerated sea water with dif- 
ferent concentrations of the drug. When the fish were placed in dilutions of from approxi- 
mately 1: 2,500 to 1: 100,000 all the fish died in from 35 to 105 minutes. On autopsy there 
were no significant gross changes. A dilution of 1: 225,000 killed 25 per cent of the fish while 
1 : 500,000 did not kill any of the fish exposed to it. 

To determine the effects of longer exposure to the drug several fundulus were placed in 
battery jars in aerated sea water solution of from 1: 100,000 to 1: 400,000 and observed at the 
end of 24 hours. All the fish exposed to 1: 100,000 and 1: 200,000 were found dead. Twenty- 
five per cent of those exposed to 1: 300,000 died while the 1: 400,000 solution failed to kill any 
fish. It is evident that the effective range of this drug when employed as mosquito larvicide 
might be deleterious to fundulus. 


Further evidence of polypoidy in the conjugation of green and colorless Paramecium 
bursaria. RALPH WICHTERMAN. 


In a study of the time-relations of the nuclear events in living and Feulgen-stained prepara- 
tions through conjugation, instances of polyploidy were encountered. Polyploidy was first re- 
corded in Paramecium by Chen (1940, Proc. Nat. Acad. Sci. V: 26) for P. bursaria and this 
represents the second report of the phenomenon. Pure-line races of the colorless (255) and 
green (B9) paramecia were mated. The individuals of each race have well-defined micronuclei 
of approximately equal size. 

The three pregamic divisions were found to be remarkably constant in respect to time and 
micronuclear behavior at a given temperature. However, in the cytological examination of 
many hundreds of joined pairs, approximately 2 per cent were observed in which the micro- 
nuclear behavior resulted in the polyploid conditions only after the pregamic divisions. The 
crucial stage where polyploidy occurs is found during the period of pronuclear transfer, ap- 
proximately 16-18 hours after the animals have been mated. It follows the third suggestion 
made by Chen in accounting for polyploidy; namely, the failure of a migratory pronucleus in 
one of the conjugants to migrate to the other conjugant. The result is an individual with one 
small pronucleus (the “stationary”) which is haploid, and the conjugant with three pronuclei 
(two “migratory” and one “stationary”) which fuse and form a larger triploid synkaryon. 

What is the fate of each nuclear body that is now comparable to the normal synkaryon? The 
subsequent micronuclear stages show a conspicuous and persisting size difference in all Jater 
stages and hence are recognized easily. In the haploid conjugant, late anaphase stages (com- 
parable to postgamic ones) measure 10.8 y in length and are very narrow; similar stages in 
the triploid co-conjugant measure 27 y in length and are proportionately wider. Their division 
products measure 8 yw in the haploid and 15.5 yw in the triploid individuals respectively. 

While polyploidy occurs in only 2 per cent of the cases in this material, it nevertheless cre- 
ates variation in micronuclear composition and is therefore of evolutionary significance. 


* Kindly furnished by the Winthrop Chemical Company. 
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The Lipids in Pelomyxa carolinensis. CHARLES G. WILBER. 


In 1942 the author demonstrated that the cytoplasm of Pelomyzxa carolinensis contains lipid 
material, that this lipid comes from digested food, and that it is composed of a high proportion 
of fatty acid. In the latter respect the stored fat differs from that in Amoeba proteus in which 
fat is stored in the neutral form. In the previous work, Nile blue sulfate was used to distinguish 
neutral fat from fatty acid. This dye has been criticized as a reagent for fat tests: Conse- 
quently it seemed desirable to use specific chemical procedures to ascertain the nature of the 
lipid material in Pelomy-xa. 

Ninety mg. (wet weight) of pelomyxae were thoroughly washed in boiled culture fluid. 
By repeated centrifugation the cells were broken up and then the lipids were extracted in hot 
alcohol. The quantities of phospholipid, cholesterol, and fatty acid were ascertained by the 
Bloor method. It was found that in the amount of cellular material used there was no meas- 
urable phospholipid or cholesterol. The total weight of fatty acid in 54 mg. of cells was 2.05 mg. 
or 3.8 per cent fatty acid. 

These results are in agreement with the results previously obtained using Nile blue sulfate. 
It seems that in Pelomyxa carolinensis the lipid material occurs chiefly as fatty acid and that 
the amount of other lipids is very small. 


The presence of lipase in Pelomyxa carolinensis. CHARLES G. WILBER. 


The digestion of fat in rhizopods has been demonstrated by several investigators. More- 
over, it has been shown that the fats digested are incorporated into the cytoplasm. However, 
none of the investigations so far has given direct evidence for the presence of lipase in the cyto- 
plasm of rhizopods. 

Pelomyxae were starved and then ground up in a drop’ of water. A drop of this solution 
was added to a drop of 0.2 per cent emulsion of castor or olive oil and a drop of pure water 
was added to another drop of the emulsion as a control. After 30 minutes both drops were 
treated with hydroxylamine hydrochloride and potassium hydroxide. Then after acidification 
each drop was treated with 1 per cent ferric chloride solution. In each case a violent brown 
color was produced in the control, whereas no color was produced in the drop containing the 
ground up pelomyxae. 

The above reaction is a test for esters. Lipases are known to be ester ferments. Since the 
oil emulsions mixed with ground pelomyxae did not give the characteristic ester reaction, it can 
be concluded that the esters were broken down by something in the cytoplasm. We therefore 
have direct evidence for the presence of lipase in Pelomyxae carolinensis. 
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The effect of cold on capillary permeability and fluid movement in the frog. 
ELLten Brown, M.D.* anp EuGene M. Lanois, M.D. 


Micro-manipulative methods were used to study the relationship between capillary blood 
pressure and the rate of fluid movement through the walls of single capillaries in the frog’s 
mesentery (a) at ordinary room temperatures of 22.5° to 25.5° C. and (b) when the mesentery 
was cooled to between — 2° and +2° C. Cooling the mesentery decreased capillary perme- 
ability, reduced the observed rates of filtration and increased the observed rates of absorption. 
The filtration constant of the capillary wall was reduced from the control value of 0.0070 
u*/u*/sec./em. water pressure to 0.0019, a decrease of 73 per cent. The effective osmotic pres 
sure of the blood within the capillaries was elevated from 10.5 to 13.8 cm. water, an increase 
of 31 per cent. 

Four possible causes for the increase in apparent or effective osmotic pressure were con- 
sidered. (1) An increase of absolute colloid osmotic pressure was excluded because plasma 
protein concentrations, calculated from specific gravities of plasma samples, were the same in 
the two series of frogs. (2) An increase in effective colloid osmotic pressure due to greater 
retention of plasma protein during cooling could also be excluded because the control experi- 
ments showed that plasma proteins were already retained completely, or almost completely, even 
at room temperature. (3) It is possible, however, that the effective non-protein osmotic pres- 
sure might rise if the passage of smaller molecules, e.g., glucose, amino acids, urea or certain 
electrolytes, was impeded more than that of water as the permeability of the capillary wall 
decreased during chilling. (4) Thermosmosis might also be responsible because relatively warm 
blood was circulating through capillaries surrounded by cooler tissues. Studies are in progress 
to determine whether or not this factor modifies the movement of fluid through membranes in 
witro using a schema which simulates the conditions existing in vivo. 

The effects of cold on the capillaries of the frog differ from those observed in mammalian 
capillaries because the former become less permeable at 2° C., whereas the latter become more 
permeable as temperature falls below 10° C. However, actual freezing of the frog’s capillaries 
at temperatures of — 5° to — 10° C. increased capillary permeability conspicuously, as shown 
by the appearance of stasis during thawing. If the duration of actual freezing was brief this 
stasis usually disappeared within a few minutes as the capillary wall regained its normal relative 
impermeability to protein. 


Bubble formation within single cells.* E. Newton Harvey, K. W. Cooper, A. 
H. Wuiretey, D. C. PEASE, AND W. D. McELroy. 


Normal living isolated cells (Amoeba sp., Chaos chaos, Paramoecium, Arbacia and Aste- 
rias eggs and Nitella) do not form internal gas bubbles if saturated with nitrogen gas at 80 to 
120 atmospheres pressure and then suddenly decompressed. Bubbles may form on the outside 
of the cells due to contamination with gas nuclei (minute gas phases sticking to hydrophobic 
spots). Cells which have been killed by chloroform or formalin likewise form no bubbles within 
but sometimes spontaneously dead cells or those previously injured by twisting before subjec- 


* Research Fellow in Physiology, Commonwealth Fund. 
+ Part of the work described in this Abstract was done under a contract recommended by 
the Committee on Medical Research between the Office of Research and Development and 


Princeton University. 
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tion to the high gas pressures do form bubbles within after decompression. A living Nitella 
cell just after decompression from high gas pressures and still free of bubbles, will immediately 
form a bubble inside if the cell wall is gently pinched (not enough to penetrate the wall) or 
twisted. Such bubbles are believed to result from local decreased tensions that tear the liquid, 
forming a space or cavity (a vapor phase) mto which gas diffuses, forming a gas nucleus 
that immediately grows to a bubble. Such cavities can form inside or outside of cells even at 
atmospheric pressures. They are believed to be formed during muscular exercise in man, 
when the incidence of aviator’s bends is greatly increased. 


The action of various cations of muscle protoplasm. L. V. HEILBRUNN AND F. J. 
WIERCINSKI. 


There are two ways to study the colloidal behavior of muscle protoplasm. One way is to 
isolate pure proteins and follow their reactions in test tubes; the other way is to subject the 
protoplasm itself to reagents and observe the results. In our studies, we injected solutions of 
various salts into the interior of isolated muscle fibers of the frog. We then noted the degree 
of shortening of the constituents of the muscle. With the aid of a micrometer eyepiece, we were 
able to determine the effect of the injections on the length of the fiber. In numerous experiments 
we found that rather dilute calcium chloride solutions invariably caused an immediate and pro- 
nounced shortening of the protoplasmic constituents of the muscle. On the other hand, potassium 
and sodium chloride had very little effect. Even when injected in concentrations isotonic with 
the muscle, they ordinarily caused no shortening whatsoever. Rarely, a shortening did follow 
injection of isotonic sodium or potassium chloride. This we believe was due to the release of 
calcium ion. Magnesium ion likewise causes no shortening of the protoplasmic constituents. 
Barium acts like calcium. The results support the calcium ion theory of stimulation and they are 
opposed to Szent-GyOérgyi’s opinion that potassium is the ion’ primarily responsible for the con- 
traction of muscle. 


Further observations on an oligodynamic action of copper and mercury on eryth- 
rocytes. M.H. Jacops AND Dorotny R. STEWART. 


The specific effect of copper in decreasing the permeability of erythrocytes to glycerol seems 
to be absent in all species whose erythrocytes show a low degree of permeability to this solute. 
It is also lacking in a number which show a very high permeability both to glycerol and to other 
hydrophilic solutes of comparable molecular volume. It has so far been found only in those 
species whose erythrocytes show a disproportionately great permeability to glycerol, thus sug- 
gesting that some special mechanism of penetration may be involved, which is reversibly in- 
activated by copper. This generalization is supported by the behavior of the erythrocytes of a 
number of birds in which the specific permeability to glycerol is particularly great. 

The effects of HgCl, in some ways resemble and in others differ from those of CuCl,. One 
of the most important differences is that HgCl, forms a double salt with NaCl, and its activity 
is therefore greatly reduced by the presence of any considerable quantities of the latter salt. A 
second difference is that HgCl, readily enters the erythrocyte, while CuCl, does not. These two 
fundamental differences are responsible for a number of secondary ones. 

That copper may hinder the escape of glycerol from human erythrocytes, as well as its en- 
trance into them, is suggested by the following experiment. To a suspension of erythrocytes in 
an isotonic salt solution, small amounts of copper and of concentrated glycerol are added, and 
the resulting mixture is then diluted with a properly chosen hypotonic salt solution. If the copper 
is added before the glycerol. it decreases hemolysis by preventing the entrance of glycerol into the 
cells. If the copper is added 30 seconds or more after the glycerol, it increases hemolysis by 
preventing the escape of the glycerol that has entered the cells. 


The prolytic loss of K from red cells. Eric PoNbEr. 


The prolytic loss of K, i.e., the loss of K which takes place from red cells exposed to hypolytic 
concentrations of lysin, has been measured by means of the flame photometer in systems containing 
distearyl lecithin, sodium taurocholate, sodium tetradecyl sulfate, saponin, and digitonin. The 
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lysins are added in various concentrations to washed red cells from heparinised human blood, 
and the K in the supernatant fluids is determined after various intervals of time at various tem- 
peratures. This prolytic loss of K, Ky», is compared in every experiment with the loss K, into 
standard systems containing one per cent NaCl alone, without lysin. 

The losses K, and K, increase with time, so that new steady states are approached logarith- 
mically. The values of K, which correspond to the new steady state depends on the lysin used, 
being greatest with taurocholate and smallest with powerful lysins such as digitonin (confirming 
an observation of Davson and Danielli). The extent and course of the K losses seem to have no 
simple relation to the prolytic phenomenon of the disk-sphere transformation. 

Just as the prolytic loss of K occurs without the loss of any Hb, so in concentrations of lysin 
sufficient to produce hemolysis the loss of K, expressed as a percentage of the total red cell K, 
increases much more rapidly with lysin concentration than does the loss of Hb, expressed as a 
percentage of the total Hb. The explanation of these relations depends on whether the loss of K 
is treated as being all-or-none in the case of the individual cell, or as being the result of the loss 
of part of the K from all the cells. This point has vet to be decided. 


SECOND SESSION—L. MICHAELIS, CHAIRMAN 


Effect of fluoroacetate on the metabolism of baker's yeast. E. S. GuzMAN BARRON 
AND GEORGE KALNITSKY. 


Among the organic halogen compounds, those containing fluorine occupy a special position 
regarding their chemical and physiological properties. Because of the high value of the energy 
of the C-F bond and of the eleetro-negativity of F, the introduction of F into the C atom pro- 
duces a greater stability, specially in alyphatic compounds. This is shown on measuring the rate 
of combination of cysteine with halogen acetates. At 23°, half-reaction with iodoacetate took 
place in 4.4 minutes; with bromoacetate in 6.2 minutes; with chloroacetate, in 125 minutes. 
With fluoroacetate it did not react at all. There is a certain relationship between the rates of 
reaction and the bond-energy values of the C-halogen bonds as well as the electronegativity 
values of the halogens. On studying the effect of these halogen acids on the rate of oxidation 
of acetate by baker’s yeast it was found that 0.001 M of fluoroacetate inhibited it 90 per cent; 
bromoacetate, 17 per cent; iodoacetate, chloroacetate, and trifluoroacetate, none at all. On com- 
paring the interatomic distances between C and the halogen it can be seen that the C-F bond 
with a distance of 1.41 A approaches most closely the distance of the C-H bond, 1.09 A. By in- 
creasing the size of the fluoroacetate molecule through the replacement of the other two hydrogens 
with fluorine (trifluoroacetate) the inhibiting effect was destroyed. This inhibition is a sub- 
strate competitive inhibition, the fluoroacetate occupyng the place of acetate in the protein moiety 
of the acetate metabolism enzyme. Increase of the length of the molecule as in fluoropropionate, 
fluorobutyrate, and fluorocrotonate destroyed the inhibition. Inhibition was partially reversed 
on addition of large amounts of acetate (0.08 M). Inhibition occurs in the first step of acetate 
metabolism, namely, condensation with oxaloacetate to give citrate. The formation of citrate 
from acetate was completely inhibited with 0.005 M fluoroacetate. In the presence of ethanol. 
the rate of O, uptake was not affected by fluoroacetate up to 42 per cent of the total O, uptake, 
when the inhibitory effect appeared. This is indication that ethanol oxidation occurs in three suc- 
cessive steps: oxidation of ethanol to aldehyde; and of aldehyde to acetate, both unaffected by 
fluoroacetate ; and oxidation of acetate, inhibited by it. At the end of the experiment there were 
in the control 1572 cmm. O, used, and 150 cmm. of acetate formed from 940 cmm. of ethanol; in 
the presence of fluoroacetate there were 975 cmm. O, used and 890 cmm. of acetate formed. 


The effect of sodium azide on Paramecium calkinski. E. J. Boru. 


Sodium azide is generally regarded as an inhibitor of respiration by virtue of its inactivation 
of cytochrome oxidase. In Paramecium calkinsi, experiments have shown that this compound, in 
a concentration of 0.001 to 0.01 molar, reversibly depresses respiratory activity by 50 to 60 per 
cent. Under certain circumstances, however, azide instead of inhibiting respiration serves as a 
powerful respiratory stimulant. The stimulating effect of azide seems to depend primarily upon 
the pH of the medium. For example, a 0.01 molar solution of NaN, at pH 6.02 will depress 
respiration to a value about 30 per cent of normal; at pH 6.24 respiration is 70 per cent of nor- 
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mal, while at pH 6.59 the same concentration of azide stimulates respiration of 238 per cent of 
normal. Calculation of the hydrazoic acid concentration at these pH values shows that the ef- 
fect produced depends, within certain limits, upon the concentration of undissociated HN,. 

\ study has been made of the mechanism of azide stimulation. It has been found that the 
respiratory quotient of normal animals averages 0.99; that of animals in the presence of a 
stimulating dose of azide averages 1.05. The increased oxidation thus involves the metabolism 
of organic substrate. It is also apparently mediated by the normal enzymic mechanisms for it 
is sensitive to cyanide. Carbon monoxide, however, exerts only a slightly depressing effect. 

The metabolism of Paramecia under normal circumstances is accompanied by the production 
of large quantities of ammonia nitrogen. On the assumption that such ammonia production 
represents protein breakdown, approximately 75 per cent of the total oxygen consumption of 
control animals can be accounted for in this way. Although Paramecia treated with azide show 
increased ammonia production, only 22 per cent of the extra oxygen uptake induced by azide can 
be accounted for as protein breakdown with ammonia as the end product. 

In addition to the effects already noted, azide interferes with the ability of Paramecium 
calkinsi to maintain normal water balance. The activity of the contractile vacuoles is greatly 
reduced and supernumerary vacuoles are frequently formed. 


The oxygen consumption concerned with growth in bacterium coli. KENNETH 
FisHer. No abstract submitted. 


Enzymatic acetylation and the coenzyme of acetylation. Fritz LIPMANN. 


The mechanism of enzymatic acetylation of aromatic amines has been studied in pigeon liver 
homogenates and extracts (Lipmann, F., 1945. J. Biol. Chem., 160: 173). In this enzymatic 
system the condensation of an aromatic amine, like sulfanilamide, with acetate, is effected 
through a transfer of phosphate bond energy from adenylprophosphate. (Cf., Nachmansohn, 
D. and Machado, A. L., 1943. J. Neurophysiology, 6: 397 for a similar system of choline acety- 
lation in brain). 

A heat stable and dialysable coenzyme was recently found necessary in this reaction, besides 
the energy donor adenylpyrophosphate. The characterization of this new coenzyme is now in 
progress in this laboratory in collaboration with Dr. Nathan O. Kaplan. We find the same 
coenzyme necessary to complement dialyzed brain extracts for acetylation of choline, although 
the brain enzyme is specific for choline and the liver enzyme specific for amines. The coenzyme 
is present in largest amounts in brain, liver, and kidney. Appreciable amounts are present in 
all tissues tested, including carcinoma. Therefore its action must be a very general one and 
probably not merely restricted to acetylation. 

The coenzyme is destroyed by intestinal phosphatase with liberation of phosphate. It is 
inactivated by a rather general tissue enzyme without liberation of phosphate. The link at- 
tacked by the latter enzyme is unknown. The compound follows the general pattern of nucleo- 
tide precipitation. Our most active preparations showed sporadic crystals on microscopic ex- 
amination. This quite uniform fraction contained adenine, ribose, and phosphate in the propor- 
tion 1 to 1 to 2. Acid hydrolysis showed the second phosphate not to be in pyrophosphate 
linkage. If we assume the presence of some crystals to indicate near purity, which it not neces- 
sarily does, then the content of approximately 50 per cent of adenylic acid in our best prepara- 
tions should mean the coenzyme to be of dinucleotide structure. Therein the adenylic acid 
should be linked through the second phosphate to an as yet unidentified part. Electrotitration 
and cleavage experiments seem to support the outlined constitution. 


Penetration and action of cholinesterase inhibitors. Davin NacHANSOHN. No 
abstract submitted. 


The metamorphosis of visual systems in amphibia. GErorGE WALD. 


In the rods of the vertebrate retina two visual systems are found. One is based upon the 
red photosensitive pigment rhodopsin, engaged in a cycle with vitamin A,; the other involves 
the purple photopigment, porphyropsin, bound in a similar cycle with vitamin A,. 
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The porphyropsin system appears to be the more primitive in vertebrate evolution. The 
cyclostome, Petromyzon marinus, possesses only this system. The same is true of all types of 
freshwater fish so far examined. 

Vertebrates have followed two pathways out of fresh water, one into the sea, the other 
to land. Both have led them to the use of vitamin A, in vision. Thus all marine fishes which 
have been examined, with the single exception of certain Labridae, have the rhodopsin system 
alone; so also do all the birds and mammals investigated. 

Interpolated between freshwater and marine fishes are euryhaline forms, which can exist 
as adults in either environment. Among them, the salmons and the “freshwater” eel have mix- 
tures of the rhodopsin and porphyropsin systems; while the alewife and white perch have only 
the latter. In all these forms the visual system is predominantly or exclusively that normally 
associated with the environment in which the fish develops embryonically, and is relatively inde- 
pendent of the environment in which it is found as an adult. 

Interpolated between freshwater fishes and true land vertebrates are the amphibia. Their 
life histories for the most part are closely analogous with those of euryhaline fishes, amphibian 
migrations to land replacing fish migrations into the sea. 

Adult frogs possess the rhodopsin system and vitamin A, alone. The tadpole of the common 
bullfrog, Rana catesbiana, however, has exclusively the porphyropsin-vitamin A, system just 
prior to metamorphosis. During metamorphosis it transfers completely to the rhodopsin sys- 
tem, which is found alone in the new emerged frog. Partly metamorphosed animals have mix- 
tures of both systems, such as have been found otherwise only in euryhaline fishes. 

The common newt, Triturus viridescens, begins its life as a gilled larva in fresh water. 
After several months it metamorphoses to the land-living red eft; then after 1-2 years of growth 
it undergoes a second metamorphosis to the sexually mature newt, returning to the water for 
the remainder of its life. The eye of the red eft contains a mixture of vitamins A, and A., 
predominantly the former; while that of the water-phase adult presents just the reverse propor- 
tions of both vitamins. This is a change opposite in direction to that in the frog, but associ- 
ated in the same way with the chemical metamorphosis of visual systems. 

Amphibia, therefore, like euryhaline fishes possess as a group both the rhodopsin and 
porphyropsin systems; but in amphibia these systems succeed one another as the animal goes 
through its basic metamorphoses. 


Tuirp Session—J. H. Bopine, CHAIRMAN 


X-ray effects in mixtures of compounds. RuBERT S. ANDERSON. 


It has been reported previously that ascorbic acid, as shown by experiments in plasma, has 
a preferential ability to react with the materials produced in water by x-rays. Much of the 
ascorbic acid reaction is not observed in irradiated muscle. Non-uniform distribution of the 
ascorbic acid in muscle would tend to make the observed result too low. Another possibility 
is that other compounds are present in muscle which take some of the reactive material away 
from the ascorbic acid. 

Evidence has been obtained that the ascorbic acid reaction consists in part of a reversible 
oxidation, presumably to dehydroascorbic acid. When present during the irradiation, glutathi- 
one and cysteine gave substantial, although variable, protection of ascorbic acid against x-rays. 
Alanine was much less effective, suggesting that the sulfhydryl grouping is largely responsible, 
whether it is a true competitive protection or a reversal of oxidation. Glutathione and cysteine 
and possibly protein sulfhydryl groups could thus account for a part of the protective effect of 
muscle on ascorbic acid. 

There is no evidence that the destruction of a small amount of these compounds woulc 
damage a cell. However, the work shows that, in principle, a compound through which the 
water reaction might damage the cell could exist. 

Ascorbic acid, glutathione and cysteine partially protect pepsin from the inactivating effect 
of x-rays. Alanine is much less active. 

If at least a part of the reaction in water is distributed randomly throughout the proteins 
of the cell and nucleus, the occasional loss of a molecule or two from compounds represented 
by hundreds of molecules need have little effect on the cell although the products formed, such 
as denatured proteins, might secondarily be harmful to the cell. However, if there are in the 
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cell or nucleus some thousands of different protein compounds or structures each form of which 
is essential to the cell and each one of which is represented by but one or two molecules or 
particles, then randomly distributed products of irradiated water might destroy one of these 
entities and so damage or kill the cell. This is essentially the argument used by Lea in reaching 
the conclusion that his theory led to the expectation of gene and chromosomal effects from 
irradiation. 











Electrical studies of acetylcholine and choline esterase. T. C. BARNEs. 





Acetylcholine passes through the thin oil layer of a bubble of guaiacol-resin-cholesterol so 
rapidly that the spike potential must be recorded by an oscillograph. First the acetylcholine 
produces a negative phase boundary potential on one side of the oil layer but on reaching the 
opposite side of the oil a new potential is established which produces the descending part of the 
spike (no esterase required). At the suggestion of Osterhout, solutions were shaken 5 hrs. 
with guaiacol with these results: oil with saline 5 X 107 mhos; same with 0.002 M acetylcholine 
35 X 107 mhos (conductivity was determined of oil separated from aqueous solution). Apply- 
ing the Nernst equation, 0.058 times log conductivity difference (6) gives 40 mv. (observed 
phase boundary potential). At the suggestion of Loewi, tetramethylammonium iodide was 
found to give no potential on nitrobenzene but 0.05 per cent gave 25 mv. negative on guaiacol. 
The type of oil and not the tertiary or quarternary nature of the compound determines electro- 
genic effects. Thus prostigmine produces 85 mv. negative on guaiacol compared with 35 mv. 
generated by acetylcholine (both 0.002 M). Prostigmine inhibits the cord in spasticity by 
flooding with high negative potential which may also act as a stimulus on muscle in myasthenia. 
Dialantin and phenobarbital produce positive potential (20 mv. at concentration of 0.05 per cent) 
which probably neutralizes the excess negativity of acetylcholine in the brain in epilepsy. 
Lyovac plasma reduces the phase boundary potential of 0.05 per cent acetylcholine from 35 to 
15 mv. (residual potential is produced by choline). Potential of benzyol choline is destroyed 
by serum and part of the mecholyl potential by one per cent ground cat brain. Eserine and 
DFP preserve the potential of acetylcholine in the oil-cell in the same manner as in the nerve. 

One per cent DFP increases the specific conductance of guaiacol 100 per cent which explains 
part of its blocking action on nerve and muscle. 

The action-current in cholinergic nerve is probably a phase-boundary potential of acetyl- 
choline (sympathin is the electrogenic amine in adrenergic nerve). 






















Two schools of thought in electrophysiological theory. R. BEUTNER AND T. C. 
BARNES. 






The older school, entrenched as the hypothesis of sieve membranes retaining negative but 
not positive ions, explains everything but solves no problems. The newer school omits hypotheses 
and proposes searches for electrogenic materials in tissues by setting up artificial battery systems 
composed of lipoid layers (oils) inserted between aqueous salt solutions. Some of these resemble 
analogous battery systems containing a tissue in place of the lipoid. One type of system studied 
is :—concentrated saline/tissue or lipoid (oil)/diluted saline +. Tissue, in such a set-up, may pro- 
duce the maximum e.m.f. of 58 millivolts if the concentrated solution is 1/10 mol.; the diluted one, 
1/100 mol. Only few oils show such an effect, as e.g., fatty acid dissolved in a phenol-derivative, 
but not neutral fats, gelatin, etc. 

The production of bio-electricity does not depend on such aqueous salt concentrations but on 
metabolic processes in tissues, chiefly oxidation. A search for suitable electrogenic systems has 
led to the following one (Beutner, Loznerea, 1930) :—saline/reduced substance e.g., a higher 
alcohol or lower fatty acid as in dying tissue/oxidized substance e.g., corresponding acid or cor- 
responding higher fatty acid as in respiring tissue saline+. For the action current one possible 
electrogenic substance is acetylcholine since even dilute solutions produce an e.m.f. in contact 
with oils in a system such as: + saline without addition/oil/saline with acetylcholine added 
1: 100,000 to 1: several million—(Beutner and Barnes, 1941). 

Tissue extract can be used in the place of the oil, also frog’s nerve by the Netter technique. 
Adrenergic amines produce similar negative potentials but on different oils which are inactive in 
contact with choline esters. A difference in chemical composition may therefore be responsible 
for the specific function of cholinergic and adrenergic fibers. The rapid disappearance of the 
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negative potential, which occurs even in the absence of choline esterase, may be explained by a 
penetration of acetylcholine through a thin lipoid layer (membrane) creating a potential dif- 
ference in the opposite direction on the other side. Physico-chemical studies are not needed for 
the search for electrogenic substances, but when performed on oil cells, they show the existence 
of phase boundary potentials depending on electrolyte distribution; the charged pore theory fails 
to explain the phenomena and is contradictory 


The frequency of x-ray-induced chromated breaks in Tradescantia as modified by 
near infrared radiation. C. P. SWANSON AND ALEXANDER HOLLAENDER. 


The frequency of x-ray-induced chromatid breaks in Tradescantia can be significantly in- 
creased by treatment of the inflorescences with near infrared radiation. Pretreatment with near 
infrared radiation for seven hours prior to x-radiation inceased the frequency of single deletions, 
double (isochromatid) deletions, and translocations between and within chromosomes ; post-treat- 
ment increased only single deletions and translocations. A delay of 21 hours between treatment 
with infrared and x-rays did not appreciably decrease the effectiveness of the infrared, suggesting 
that the changes within the cell induced by the infrared were of a relatively permanent nature. 
\t the present time, the nature of the effect of infrared is not clearly understood 
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